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NOTES ON THE ORGANIZATION OF NDRC 


The dies ot the National Deleon Hesearch Consmnitive 
wer 63 ecounmend te the Directay of OSKRD wniable 
projects and teeaach programs on the imiiumentditics of 
warfare, Gagethes with comtnice Lacilitios for carping ont 
these projects and programy, ape (2) ta achnureister Cte tech. 
nical aid wiennke work of the contiaces. Mote speeibealls, 
NDRG tine tioned by anteding rescardh projeety on ty 
qaresty trons dhe Many on the Navy, at on request fem are 
alec govertiuent Ganswutted Cronph the bE taien Other 
of OSRD. or on iv ows consadered itd itive ay a neva ot 
The expeviener of i nnnbers Vouoposals pacpared by dhe 
Divisio, Mare a Conmmmatier for geseardh comttacds bor 
porteiance of the weak aivened in uinh propaty were 
fist revicwed by NDRG. andl approved. decom: nded ie 
the Decco GL ONR DD Upod apprevahed a propos be the 
Puro. a vontrare pence exit Aesabiliey ot 
setae eons way origi Phe buses aaports of the 
CONT CL MLO sOED Mattely ay western tear anicy 
Latches, pateis, prioeities fa gab alters, and adnnnisgs 
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Lite teaqganiqation ithe fall of 1942, twenty direc ade 
munivirative da isions panels or comniitiees were created, 
ead sath a chet wlected ua the basis of bis auitanding 
wock inthe paaaubsr teld. The NDRG meaher dhen be- 
Came a reviesing ant advisory group ta the Director of 
OSRE Phe tyal organieation way ss follows: 
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NDRC FOREWORD 


sevenvs of the years preccdimg 19 MW reveaded aaare 
A and nove clearly the seriousness of the word 
Miluauion, mans sientisis in this couwmay came to 
tealiec the need of on daivng sientihe reseatch fer 
servive i a natiosial cmpcspency, Recomumendaticns 
whidk they made to the White House were giveu ciate: 
ful amd svimpauthete aitention, and aya result the 
National Delo Research Coates [NDRE} wits 
farmed by Exceutive Order ot the President as che 
supimer of THIOL Phe members of NDKC, appointed 
by the President, were aoeructed te supplament the 
work of the Antue and the Navy in the develupment 
of the dave mentalities of war, Vveat later, upon the 
ovtabtishaent of the Office of Scientilic Research and 
Devclopment OSRD}, NDRG became ane of is 
Units, 

‘Phe Siominary feild Report of NDRC iva coi 
sctentiogs cllort ou the parcot NORG to sui ie 
and ewaltiate ity work and to presenti ina asetut and 
pV aE boven, Le Coup Then some: NCROULY VORMNGS 
broken inte groups comesponding ta che SDRC Davie 
stow. Panels, and Canamuces. 

dhe saunas Dehincal Reporcef earh division, 
Panel, or Gaonoittce jan integra sin sey of tbe work 
ab that jaoup. Phe fast velame of cach group's re 
POLE COMTaING a sunide of the report, stating Ube 
probleno prevoiied avd Ute philosapta of aruacking 
then, dnd santa ising the voults of thre research, de 
Velopinent, and paloinog a tiities wpder tikes. Some 
volaimes ries be state at the gC" tie dtisGs coves tty 
subjects to whieh vadious rena ch groupy pave coat 
Hibiwea Intapeaton, Other may contain dewtip 
dom ut dev tee adeselaped ip the faforataries. A nas 
top jides of al Chose dis isiartal. patch antl camaniiter 
reports whic be tirgetia rconsticece the Sanunary Pook 
meal Repo of NDKC i ontaanced ia sepuadte vol 
acne, Which utea inchides the dade x 3) 4 cnt petstoc 
Toconbed portent techiieab baboraters repants anid 
referer maternal. 

Some of thy NDR sponsored pescatehen whist 
had da trades basahost bs tbe cased of POP were of sinths 
cen pecgader dette st the a wis fori hesitate to 
Heporl Hons cg The fort of monegrapha, sacha the 
seo on Geha bs Danton tt ccd dhe eon apt ett 


sataphug imapertion by the Appliod Mathematics 
ancl Sinee the material weed in then by not dapti 
cated in the Summary Pechuical Report at NOR, 
Une nnanegraphs are an napartant partad the stoi of 
these apodsaf NORE rescareh. 

fu canteast to the inforinationon sada, which wol 
yadespread interest and name h of which is released to 
the public, the research aa subvurdace warlate bs 
fargely classihed and is af general daterest to amore 
tev icted giowp. As a consequences, they port ob Divi 
von Gis found alaest eniiely ines Saanmary beaks 
moaf Repeio which rans io over twenty values J he 
eatent at the wark of a division cannot thereclate be 
jUdpert sofels by che number ot satames devated to it 
tothe aumanary bechnical Report KDRG: acount 
nitat be Geken of the monographs and avaitable re 
ports published chowbrse. 

Division P2 wits one of te stnallest clivtsions of 
SP RG, bur its accomplishments were fa ont af pro 
partion to ils size anh its impactor the condtst ot 
the wat was of major significance. Bate reports fram 
Norwands to Okinawa attest to the value at itvcan 
vibtitions to the gencept sad he implementation af 
amphibious dogisias aink of the aephibions avant. 
Pheve repent vers dihewise as testimedibs ta the 
Vistor, the intense person devotion, and the ime 
mtvat Hinde 2. Reawe, Ghiet at the Dis tston, and ot 
the sea whe watked on fis suadl ane on the scath of 
Ubsee PSavsvicaas’s cuosasy agg teary. 

Tysés volume, che Sumontain Pech Kept of 
Division 12. ean paepacd unser the dyes tion of he 
Divivien Chiet anc authored ta iin tet publacacicad 
Hopresents the me thents aad results af the Bi isiei’s 
techiicabac ce nies Le addittcce howe vet. a i atic tcc 
medial a protpad men whoeontrbeed hos ally to ths 
dlefeaes ab then couriers Plics secae bea ane masassbie 
Wathen this ctotis ihe crise ot the war anphe 
tone Fearn fa ditheaeat Po ede ta ai yoes ca sassscne 


at etituch 


Vansetaa Rosen Pyne toy 
OSifaes «At Nene tofen bbe epee he ete PPM feapeing at 


PR Gaxan, Chasey 


Nort ected Bde be nee Be rate he € cttge re tty 


EONEEEEN EEN ‘ 


FOREWORD 


I Wokeb WAK UD the fie peaples of the Wester 
democacics appear to have waged a more work- 
mmantike total war than did the total States ol ow 


cuemies. 
Ona over alf planning was better, ow mobilization 
more cilective. And. although German Cochnical su 
penorny, parnouberly ic tein ordnance trem, per 
sisted to VE day, it is probably (ruc thar our overall 
accomplishtnent in the desclopincnt of new weapons 
VO pawsed that ol ow cuemics, Our loose-jointed 
democratic military organizations permitted the flow 
of new ideas, while the dose-coupted, contratized, and 
avistag ide Military Services of Germany and Japan, 
itolerant of civilians and rigid with imnterServiee 
jealousies. vet up barriers to such a free flow. 
However, fou civilian military collaboration was 
betier than thatobour enemies, ie still tebe much to be 
desired. fiervendy hope that men of gooctwill in the 
Aimed Services and fa dhe Nation will discoser haw 
fosmtke (Cwhat i should be oa close-hatit pao ter hip, 
For fase sears we it Division 12 collaborated with 
the Armed Services ol the Etnited States, Great Brie 
Qing and Canada, the fatger indasniats, our col 
Seagues in the Ofee of Sticmiifie Research and De- 
Vefopment. said em opposite numbers in Canada, 
Great Biitatn, and faete Ee scems doubiutiad chat dhe 
experionce we goinest while pulling ia absis tease st 
fers esscadidly diaam obat ob adhier divisions of the 
National Defend 
Neve dhav these whe are aew phomang the base toi 


Research Gonnnitice, Yer we be 


mate Cileddive fate collaboration are eudiicd to om 
wvafinudotal dhe record fim whatever ttn be worth 
asthe testis at one sinadl group. peutaps the 
auadkost, in NDRC. 

Prat the lessons awe deatnect 


oeticteammed in bas 


sion 22, we Tae dics corbin cone lustens, ob which 


faethe fetter tag iam che most iupen tent 


POWe believe that te gteatost possible dere attede 
ah tN UT bo tie sticcessfid fur Cloning of a singh 
boecieh wuchetits charged wih waordudag the de 
(elopmentot new weqpais We die secs wha lap 
pomed a Germany and fqaae with paroled, ar 
Theva in ongeniadiionns an ch age ef oew weapons 
We Wasa abeesecn drow cierve dy 6m RD eatctioned 
Tras setashert tfves woe due Larges oo tine basightee 
gedicw i Gi Bahr whe cated deeeatahization. ts 


wags Sef fine we Pirsassogs U2 fon example 


were alwass able to ane ear utonotiy to discavct 
channels in which to explore possibilities and push 
ideas. [1 sceras tate to be healthy dat those with 
ideas sho dd have more chan one maa ket in which to 
self then, and thar the Seyvices, aa the other hand, 
should be tree fo compete for cach ideas. [his is not 
a plea for the anarchy ob mudisoimsisiue Channel 
jumping or jor secret Service rivithries. but vather a 
plea te prescive mans chammels within the bane 
work of whatercr Jolt Command is fadly adopicd 
aud to keep them open tor nity igation, 

207 oelieve that in this war we Closeel too mia 
channels ta navigation and thereby averdid “scum 
ity,” some al which wats perhaps sore buncied thin 
reel Wt shontd be possible in the tuture to strike a 
nicer bakance between measates designed to achieve 
tite secutity and the speed-up thac comes when cof: 
Jeagues can talk with cach other. ff was perhaps for 
tanate for oor side that compa tmentation was appar 
eudy cared to even pieaties exdemes by our cnentics. 

3%. Adtuital Midhan, speaking ef dhe “Candtuls Jong” 
Interval between Changes in weapons and Ute result 
ing Chanpes mi tactics, sais. Pls doubles avives 
fontthe fact chad an inipravementol weapons is dug 
to the energy ef one or two en, while changes im 
lactios fave to overcome the meni ot a CaMscuy alive 
ass, bin iris agacaresih” DP lee) songdy rbar die was 
te overcome this evibin the shortest cine is to recog 
vue that dhose who develop a nes weapon have a 
responsibility for sper ising is carly appearances in 
combat, vat ity fall taeda exploitation becoiies 
thoroughis well anafir stood by all ranks. Peaugel cite 
Im EXGtiples Twe from ms own experience ae 
the DE RW wos the ganiabeatt bans south of 
Loudon agamst the Gorieut VoD rebot dir card vase 
the codlito expert, working i comarca with Sid 
“hosts. doubled on aehied the tagieah elective 
hos af dhe weapon. Va dorees in ibe bel wore 
gta kite recogni: the vadue ol this type of ovilian 
toll abedt dion. 

Fo Pav ss peteet Cate set tee teagan ds suse ge dnands oof 
ides. ad, me lie dosperie tardy bind of the cress 


seats, WO Potpot un dat eothaie Cheusias abort haw ve 


soit sdeas. We teleaocd thom the dead was bree 
Mien here, wat as clscoveries. Vat merely as chek 
Hist 


a. Posi mdr ondy wher ac dies been dionyin 
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slid FOREWORD 


through ta Gactical application. Dhen present it in 
comeuiidicas Ganguage. 

6b. When presenting anideato aired una already 
anished with responsibility, dose in away that makes 
aoniniuacel demand’ on his werdal cllort oy imagi- 
no oion. Present tts ually, simply, and dramatically, 

Avoid discousagement over the inertia whidh 
Wast Huet tably exist evens huge military organize 
tion. Fsineuber havc many things to de and cannot 
neve in all directions at once, not even Hn yours, 

cL Remember thac itis unrealistic to expect sume- 
bods ele to ceual you cathusitsens about your ise, 

Division [2 was small, my cechiicd sal consisting 
vlotwo, jater Hace, mens yet we were designated a 
“catchall” division. Uhis ditcctive, coupled with die 
sdoug dtclinations of nty assoc hates, led us to devefap 
Moma wiespected directions Ca meet wifore.ecn 
contingencies, 

The rather varied activities which ensued were ol 
two kind, Gn the one hand, we were assigned specific 
plojeds. On the other, wo were often asked tor, and 
liequently we vohuatectcd, suggestions in fields: in 
which we could not outsebes operate to advantage, 
In these cases, we gave every possible impetus to the 
initial momentuar al the projed, but beleie to other 
organizations, wheter in NDRG or in ue Services, 
tosce Ute thing through, While itis not posible to 
aysess sich work througho ald of its tamil ations, f 
Think if is of some aterest ty dist a few cxamples of it 
(peal intorimal actisity to which we desoted at good 
Plopoctiag of ons total efor, 

Among such cxaniples, fo recadl diac in ft and 
TOE we made suggestions to Mans Ordinance which 
tosutedd in the eventual testing of cast and wekled 
tank franies and butts anc in st anerked modification 
of the siffioucdte of Ainier ican tanks. Relat -d ideas, by 
themselves or with concu rent proposals from others, 
feel eccutualfy to the G wl Pershing tank the 
suggosCons, sac asa meehanisnc ict the driver's seat 
for controlliabiy alter fag the width of tank qeeads, re 
eoitto he aiedbont At dbout this time, we joined ©, 


the chars calline fia more mobile heavy artibiers, for 
higher veloc antinmk weapons, and tor the de- 
volopment of a daa pri pose antinircalt-antitank 
wettut Those suggestions inselved projecis which 
lew ec culd be handled to beter aly ancage directly 
te Ondsiastee, wGtd ncens of then: were developed in 
tite to be of tse. Gre vaggestion in late (fd far an 


euine dent defense aint wight bombing vas fates 


Wpatiee gcd hs dhe Gatnisns att Hiaahing Semie i 


tevesting suggestions fn (001, in the field of ifraved, 
were ulfumetely assigned to Division 16 of NORG. fy 
1G40 we sketched up and proposed kending catt of 
the EST()) type ta Wamport wpphibieus mediun 
tanks and launch then acse. Phe ES idea, rejected 
at the tie, was Tarer carried aut an the insistence of 
athers. We were able to give sosme assistance to the 
second of these (wa projects, and amphibious tanks 
were cHectively used at Okinawa in 145. 

Tn December of FOS we resseweed in ears Rts- 
Hon for vers long-range guided missiles as a means to 
sink the Japanese Fleet with airborne torpedoes. 1 he 
agtation surrounding this poaject, known as Settity 
Sun, played a part inthe creation al that Joint New 
Weapons Subconuuittce of the Joint Chiels of Stal 
which reviewed guided missile programs in 1912. 
This ultimately resulted ta the creation of Divi- 
sion 5. 

In August of (945, following meetings at the 
Quebec Conference, we were invited by CINGPAC 
to canter at Pout Harbor on the problem of the 
amphibious assault, We proposed the powertul, eas 
ue, and vlonomical (ype of amphibious assault de- 
scribed in Chapter. Regrettably it way not adopted 
in time tor Varawa, bur fates we had the opportunity 
te display this ¥ pe ol itssault in the Southwest Pac ie, 
where it was adopted, esentualy becoming standard 
operating procedure throughout the Pacihe Theaters, 

Is the course of ony more formal activitics, we were 
assigned some 34 projeces which comprised about 106 
sab piojects. This work resulted in war production 
fond tag about S30G.00 009, al a coxt for develop. 
mvnCof bout $3,000,006 (1.0 per ceag and for super 
vision of about 9200,060 0.07 per cent). Wheu LT te- 
adi the pace ar which these projects were driven, | 
feel Chat these iittioy reflect the cllecliveness of the 
planning with which my siafl guided those tarious 
wlivities. 


Lt will be for others to make an otyier Live assesument 
ofour con ibudion, Ln ais opinian, those projecis de 
veloped under the copniaance of Division 12 which 
have had the west signiticant cheat on the saatepy 
sud atetios of war ate: 

$2 fhe DURW. 

2. Phe docuine of dhe amphibious asa. 

4. Phe taining progituts for amphibious watlare. 

4. Ube amphibious cavbks. 

5. dhe Weasel 

G. 2 Se mproscneut of aoatt lauding wheel 
Drake. 
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8. The magnetic compass ior tanks 


While some of ow projects involved: a cevain 
an. ount of original research, most of our design dec- 
sions, particularly as regards vehicle. to Cross solt tor 
rain, were based on meager fundamental data which 
could not be amplified at the time. \Mibough these 
vehicles were successfill, we feel that basic re scarch in 
this field would now lead to improved designs. 

We were recently asked by General Stillwell to sug 
gest improvements in amphibious vehicles, We have 
outlined a progran (Chapter 10) in which the + vost 
productive single item is this: While the por ntiality 
of casting designs could perhaps be mereased by halt 
hy refinements ithe design, asull greater gain could 
be achieved by proper use of existing equipment. For 
csample, ininy opinion, adequate training and im 
Jdoctrination would have doubled the tactical ase Lac 
tor ol the DURW fleet, 

My very great personal gratitude iy due te Palmer 
Contec Puram, who served as ms exccutive ofbect 
fiom [OTE vatit Auguste 1943; Roger 8. Warner, fs. 


Zand as execu. 


who rervedd as focimice! aide irom if 
tive ofhecr Hom Augusc 1913 to December 19-4: 
S. Maeray Jones, who served as tedinica: arte: Janes 
\. Britton, who served as adniinistr itive aide: and 
]. R. Kansas, who served as fiscal aide; and to Wiltion 
F. Durand, who sersed as Chief of Section V2.1. Tn 
addition, Fam deeply ebligated to the contractois 
and amembers of their stafis who worked Closely with 
mfto those other divisions of NDRC wha pro 
nd 


us 


ded us generously with their advice, assistance 


even the services of theit members and their baci tities. 

Weare indebted to the Menibers, and especially te 
the Chaiian, of the National Defense Researel 
Communittee for wive guidance and financial support 
for our projects. In particular we we indebted to Dr. 
Vannevar Bush, whe encouraged and sapported am 
ideas, showed us the way out of our difli ultics, pave 
ws the reedem te doom job in our own way, and who 
always stimulated us. }t has been an immense satis 
faction to Rave earned his confidence. 


Hakithy Rowe 
Chict. Division 12 
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THE WORK OF DIVISION 12 


ll ORGANIZATION OF THE DIVISION. 


Nopery 1, 1940, a lew days after the National De- 
fense Research Committee NDRC] had been 
established by order of the President of the United 
States, the predecessor of Division 12 appeared vader 
the tide of Section C. Phis group was to conduct in- 
vestigations in die broad fields of subsurface wart e, 


electric. mechanics, and Gansportation, Later, 3 
several reorganizations, Division 12 was created aad 
assigned Che broad held of transportation 

Sometimes by request but often on its own initia: 
tive, the division occasionally moved in other aveas. 
As indicated in the Foreword to this volume, these 
extadisvisional activities brought Division 12 persou- 
nelinto many satied fields vot contemplated in their 
original assignment. 

Muchof the dine of diy ision personne! was devoted 
to these expadivisional acsivities. and, while it is 
clearly impossible to assess thei impartince, itis be 
lieved that these dndiscer contributions had a sub- 
stantial signilcance. 

Within itsassigned. wea, the division was at inst ic 
quested by the Armed Services to work principals on 
sehicle components, Later it way asked to develop 
whole vel icles, such ay the ainphihious jeep and the 
Weasel fothon becune evident that one of the divi 
siow’s products, the DURW, bad Bitten inte an ur 
fortunac position approved by dhe High Command 
bat unwanted, aused, or unappreciated bay nas 
Servier unity. Phe perenne! of the division were 
theareiorc invited mate wie (heaters to consuit with the 
stalls of theder Commanders on ainpbibious logistics 
aiden the tactios ot the amphibtois coscale 

The division fad beped that co could begma de 
tnebiliing in Apel a inorder te free tts peasannel 
for these consultations in the thease Phe assign 
trent abethor responsibilities, however. dade iim 
possible for the dis iston to tomminite is eperationys 
antl fune 1985, 

Duntng the perteds of aiost mteise operations, the 


torical stall of thre division coasastectod theres aren, 
withe an achiitiist ative aide. a fiscal aide, and ler 


office cosistents in dhe Boston headquaatars. Field 


TS OSKED Vppuiters Ceoutratars aed Sere cee Pasjects on 


Voich ol vedinean 


nbuned faa few aanths in New York 


offices were 
and Washington. Beeause of the nature ob the divi 
sion apd the projects i super viscd, the ted stall 
was actually a held staf and members openied alist 
entirely in the field, cither in this CoMmnn eon averse ay, 
as then assignments required, 

Atactime when the division was) ontomplating 
Projet bude (the NDRC Dimk), a arumber ol chs 
tinguished people were prevailed upon to accept 
membersbip in the division. Phe project was can 
celled, however, and it never becwme necessary to call 
them inte consultation, 


1 SUMMARY OF OPERATIONS 
i) Amphibious Jeep 


fathe fnstimajer technical progiau isda take by 
Disision 12. the jeep was converted inte an amplab 
ian. Lhe conversion consisted of wrapping water 
tight hull ander the parent vehicle, addiag a propel 
Jo and aindder, and making offer chaages required 
foo anphibious oparation. Miter Limited but stuccess 
ful Gold tetson plot models. the new vehieie passed 
outof NDRG saperviston and produchon Ht suthored 
from inadequate testing. jaspection, and) sapan sion 
ol producion: failure to recognize the necessins ter 


continting development progeans it closest fiaasan 
with the using Services, hal ne to seccopaize Tie neces 
STD. for special asenie: aad onadequdte pre fiaaimans 


consultations with the ising Services! 


3 The DUELW 


Pnothe sprang of POE withoat Serene approval 


work was begua on the cfevchopment ob a wheeded 


Ipbabianibestgncdd bo discharge elitr stores att 
high hte of speed clincet from star to clumps aie te 
support aanphabias assertis Tbe 
necdthe DO KW fi wasde ced thar would 


spverston at the Minas track dhe ree deretie se 


morphine wes 


Arg 


Tae at 
poodiction, the Gscae tal \fioters 9) tom. GONG track 


Te fone TUE the Waa De partascntniiticbe dda pan 
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a 


duction order fos 20d units, but there was appu 
chtly ne peneral Sar ice ac ceptimaee of the vehide. 

Linder onfinary circumstances, the wegen work of 
the Othee af Scecutilic Research and Developenicnt 
IOSRBY and tts subaisisiony ov dhis proprio would 
fase been teunipated at about dis potnt. Inthe end, 
however, these engineering phe. came lo represent 
only weainer and prolimindgsy patCal the OSRD cou 
Bibution to the oval! DURW problem. Ascot: 
ingly, (albscate demonscatious were staged, special 
diving procedines were pouledied, presse was maine 
lained on cominuing testing and modifinetiaius, aud 
specitl logistical and Gactical icchniques aad equip 
meut were developed Phese and simihua activities, 
tobminating is the ase ch tie DUR W ts the invasion 
of Sicily in dhe summer | 19-63, apparently satished 
the Epi Gouunand of the potential saluc of the 
DETR W, Gaede Armed Services dislnot feel it adh i 
abfe ts allow OSRD to withdi aw drow the proyeot at 
Vais podise, 

Dorealive the expectations afdic High Conunand, 
i was (ound necessary thalOSRD, in asecond dep. 
ture Crom a steiehy engineering assignment. accept 


Leguesty fo stage demondstittions bf nearby every cou: 
bac theater, initiate and supervise uaiving wid ve 
tuning [oprann, exert al passible pressure la ex 
pedlife modiheaGaons (ownad essentiad in he (tel Gand 
foomntke Ache Ap Aan ttiOns th many cases), establish 
aioe tadl operati 


Uo procedures, assist in 
indochinating scl alleen of way theater com 
manners, sad, filly, trge so theater stall level rhe 
Jad) exploitation ob the DER W netanh aya lope 
td but cisaats a hac tical weapet af war 

Pu desccuding order af impartenee. the prime iwal 
shortcaitngs of the De KW were ts simall sive, the 
difficulty ob unloading a its poor performance in 


iti, aad) its daw spor ia saten. Doovercomer these 
! 


ieapr in Fovedy hoeisete foamed Cac tie at peo fos, 
Wisecommendted thd the OE RW be sappte niente 
bat not replaced Gs a Pitan. +, aak amphibian, 
Phe hago anplubtan stratddl be developcd ie twe 


tnodels, one tes combat and opie bey ~ppport! 


e 
“ 


VYhe Weasel 


Phe Weooel oo Bgl, aoik Lei cae cen, was 


Mesclaped) as a stow vehodde for winter iisasien of 


see Cbs ape ere bas sendanance 
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THE WORK OF DIVISION [2 


Norway. Cater. ut seas modified for use tid. sand, 
swamps, tice paddies, and similar diite alt terrain. 
The byst model, the F-45 or M28, went ine ons 
Tisited! peodutedion. The scsond model, dhe batt ot 
AL 29, went into fail production and was used in both 
the Evapean snd Pacific Cheater whore snow. mid, 
swamps, or mioshes iMmmeabilized other vehicbes. AL 
though these fist twe macels Could float, thes were 
not ouc amphibians, since Uiey had no propulsive 
power in water. Che dhitd model, the MO 20C, was de- 
seloped amd put iate production asa uc wuphibian, 
capable of operation not only in diffeute hoard teriain, 
Lut abo in deep water. The M-29G is equipped wiih 
spedial calls to provide sudded buvyanes, and with 
muriders, skirts, and other shrouding devices to permit 
Water propulsion by mens of 4s awn tracks? 


24 Amphibious Gun Motor Carriage 


Pwo other amphibian convensions were nearing 
campletion at the end of World War HL Que is an 
amphibious gun omatar centage based on the suai. 
ard M-18 gun cartsage as designed and developed for 
tec in damd operations, This scH-propelled, using. its 
own racks for water propulsion, and cau fire citer 
whore ov allan. A piled model way andergaing bal 
fred tests at Che end af the wart 


Lay Paddy Vehicle 


The sccond isa paddy cedicle. awh, amphibious 
euge carrie designed ter use im tice paddies and 


stuilisa water covered ace: Tased sar the P30 ight 


traction a pitor morelot this velicle was Coastcucied 
and was athe undergatug final het resus at the end at 
the wat * 


yrned Amphibious 


Several proposed iuiphibious Uchictes were sitions, 
Dat onts atte ol dhese des ices wis Gute is Hab as con 
spacdiercafa dull size pilot wade. fy a scarch fora 
Loge, aaphibiews carpe cantetcia bo known is the 
Pelican sa stives was made af ovisting bowl sehictes 
ancl components avaitable (or use in fae wheeled 
aud ball Gack amphibiens wath rated pastaids of 6 
fanart note. Designs wete levcoped fora salt Karger 


eSce € teapete a crn bers vesbeasags 
Este Choa tes 60 Ibs vehuone 
Sec Cte. et: Ths veluue 
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SUMMARY OF OPERATIONS a 


vehicie and piaus were 
anderaken on a /§ston, 34-back ambhibian. Sevetat 
amphibious Wailers were designed for use wieh the 
DURW and one experimental unit was coniructcd, 
‘Tests indicated that this unit was not satisfactory for 
practical use” 


Rt Amphibious Devices 


Several types of flotation devices were designed and 
studied for converting tanks and other land vehicles 
into amphibians. ‘Two of these devices were actually 
constructed one in which pontons were phiced fore 
ane aft of a light tank and at skirt placed around the 
tracks, another ia which pontony were placed fore 
and aft on both sides of a medium tank. ‘Phe latter 
device was used on a small scale in the last amphib- 
ious assault in the Pacile. An improved amphibious 
trailer hitch anda special amphibtons bow attach- 
ment were both completed and submiited to fmiad 
field tests just betore the end of the wars 


a8 Amphibious Studies 


Several fundamental studies and a general theo 
retical consideration of desiga factors were other con- 
wibutions in this held of amphibious research. One 
of these studics concerned: hack propulsion in the 
LE Tengo cenricr and consisted of ex perimental tow: 
jog tank tes conducted on two diflerent models of 
the EVE Gago cane, one with tacks completely 
subineiged and the other with the return tracks out 
of watan. The test data showed that, wanda: the condi 
tions of Che investigation snd with the track tsed. the 
emerged tack is superior, Winere coniplete study was 
thea conducted on the problem of webmerged tack 
fropulston, Although it we 
the cihaieney of the Gack propulsion cquad that of 


sfound th stn ne cise can 


serew propeller propubion, proper despa can ga cus 
Morease Che efhaiency of Hie former, Prdiminany de 
signs were made and theerctical studies were can 
ducted on an amphibious starctare to be used nan 
ascend aciow mind, A surveys of the fandamentaly of 
am plibrouy design indicated the relative merits ot 
the two types of design the “ground-ap” method, in 
which a completch new vehi is comeened. and the 


VW See Chiayter 4 thes volunne 
USre Chapter Ou ttis salar. 
J See Cteapler 10 sn thas velisane 


“omethad. in which amature. success 


Vand vehicle is modibed for use both on land aod in 
waters 


129 Bridges, Pontens, and Ferries 


An extended investigation of ponion bridge reac: 
foes lor structures typical ob dase used in military 
operations resulted in ihe development of simple 
methods for the analysis of both continuous, unin Uc 
ulated bridges and arviculited bridges. A basic analy: 
sis was made ol both types.* \ variety of bride, pon: 
ton. and ferry designs was prepared for military use. 
Among thom are a 20-ton anticalated bridge, a port 
able ponton. bridge and ferry for 40 ton uinks, a struc. 
ture designed Lor use as a ponton by idge on asa prestie 
or overpass fer 60-ton tanks a bridge cousteucded 
largely of steel pipe, a@ 200Q4oor portable bridge to 
catry a 3$@-ton tank. temporary highway trestles, a 
penton ferry to supporta G0-ton tank, tank fering 
barges. an amphibioas paddle wheel towboat, a tank: 
Hanspart vessel, several types of razaps. a binding 
picr, and several types of quays. Stand:ad Tabor atory 
tests of bridge components were verformed on several 
types of wood, altoninum, and steel balk fasteners, 
and bolts used. or contemplated for use, in miliary 
Dridges 


1419 ‘Torpedo Protection for Merchant 
‘ essely 


Fo provide dmpeoved sttepuards ayainse sabanar 
ine attack, (we Iypes al WILE NEES Were developed aN 
ten pedo protection for merchant cevels and were de 
signed to be canicd Gy vessels under wav. One was 
found able to catch 30 to 35-knot ten pedoey by then 
tails. Phe other. which ooo either be curicd by the 
ships or be phiced aveund thea while moored, is able 


to stop 9-9 58 knot torpedoes by thei deans. Both 
pcre designed fo give ein: theres May 
nate tsefed life, and inininei diag through the 
water. Rlectuicadly cnemized cabies were developed 
fen se with these ety as a protection yeast mag 
relic torpedoes  Pbe tinprote Daeto coe tet plied 
in production aldhough variety laborttors aud tie ts 


tests indicate thei saperiorins © 


S See Chapter Hin diay vehame 
Pee Chapt dns 
we Nee Cheepten it an thas sehorne 
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4 THE WORK OF BIVIMGN Lz 


Land Contbat Vehicies 

Plans were made for the developiitent of a ew 
series of amd combat vehicles designed to conbine 
the best features of ainks already texted in battle with 
the bes new featiores which could be developed. “Phe 
new Sate sevies included lightly armored but highly 
mobile mds suiteble tor air ranyport, wedi units, 
wad heavy unio Mock-ups were prepared al repre 
sentative mypes of dhe hyst bye groups tn the series. 
conducted an the light, 
Lighls mobile combat vcbicte. which was developed 
to include all-wheel div, a hydrate antinecodl sys 
feu aatd a new typeof independent all-wheel suspen: 
sion chabling the vehicle to jump over ditches, fens es, 


More deGailed seuds wa 


and similar obstacles, No complete Lull scaic vehicles 
AOE COTNET UCT 


sae Land Vehicle Components 


As par Cot dhe general study on tanks buc ale a 
‘development leading to an attempted iniyrovement 
of cxising chides, other investiyations were com 
thicied on tank components. A coo ihigal, sell lean: 
ig air cleaner was devised for use ia doser¢ wat hae 
bat was found ta be ne better dian avaibable ty pes. 
Mack ups were iade of various types ob vision de- 
vices for tinks, protectoscapes, gat shiclds, and orher 
tathh accessories, None of these devices was approved 
fot production. bn vonptudctian with another division 
ol NDREG. aomnbiir vor ket lnaadier was developed 
and placed in prodiction for use on the DERW. 


beet Land Vehicle Siudies 


Patecden (ter achieve vedieetion of bork vane, ree 
ommendations were prepared whieb indicated chat 
the note af tie MS light rank conf be pedi ed ta 
foe a 1 oe 


ratral ¢ 
aseustical dreaniment ad dhe ew compartinent, thie 


dis coud be arcovmspfistid in pare bes 


cogite cosipanaent, and the an ietekes and oailets, 
wads the ise of the inost quiet pes of tacks hot 
Lael by the appheation ot ct adequate mutter and 
the dustallation of saadele tings ot blocks to absarb 
the shotk ob the dinpact af the tak blegks on the 
de of these 
files Vbnacg steely ot thee sedse fren of bane iy 


spuocket tecth Nu piserteal use was mn 


See Chapetet Peas thay satires 


Ton Ciaplec dh we dhe vofime 


te fowed gun reanercs iv to ploposed changes in the 
AUD Giniage suspensions and tow con ecrions, but 
these were pot accepted far use! 


uals Special Devices 

Numeravs devices and materials were fikewise in 
vestigated by tte division as pare of is ceechatl as. 
signitent, Ehese included primarily a stady af adr 
niaftlanding wheel lrakes awd the desclapment of 


inyroved designs achieving 3 Ureelold increas in 


capacity al encrgy abvorrtion “Thee new designs 
made it possible for nanudactarers to meet die spect 
fications for sach heavy hombers as the B-17, dhe 3-24, 
and dhe B29. Pwo new designs were prepared as sug: 
gested improvements on the Mark 5), Mod. 7 Navy 
bond vack. Chough both appeared to offer some ad- 
vantages in prefiminary cial, neither was accepted 
for produntion, 4 new (ype of amfonatic thread gage 
way developed and pucin production; in service tests 
these papes pave up Coa LOJold increase in speed atid 
4.300 fold inaicase in tile making it possible (a spocd 
thread gaging in indusay and to climinate a setious 
bottleneck in the production of needed war anucrials, 
Of the dhousands of pucrmatic toe substitutes pro- 
posed for civilian and milinary service, the twelve 
Wost Plowing were conspnc ted andtesteG although 
none of these had heen found satisfactory when che 
project we. terminated, one of them had been ran Cor 
mere drin 10,000 miles over paved and uapaved 


rods at speods up to 83 mph and appeared to deserve 
additions suady. A porerntatte Life raft designed to be 
carried by acalt was dev daped and tested; itis be- 
Neved to represent a leaded improvement overt es ia. 
ing madels by providing maximuin comfort for Ue 
aew, ploteition agatosc sum and rain, camouflage 
iraatack, and ys bulk in stow- 


Protcetion again 


age. and in tes abulies te be sailed by rneyperieuced 
per 1 Plans wet) dhe made for au noborne ieje- 


ont bt nowodel was built. frtfogging com porrds 
Hear porting WOHNe agoniyasihe active inpredicats 
were developed and found effeutive ia tenyperatily 
improving the qitaity af sision through wineshickds 
andather Qansparcut virtaces. Phe ase of desiceut- 
ng devices. however, was wecomicneded to prevent 
the fogging of some optical iestuiscets, A group of 
new nan repellent coatings was decelaped ta bnpioy © 
visbilus Gough sais vescid witeshiclds, and al 


A See Chiagien 17 duels vedere 
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though none of these tin provides profionged pro- 
(ection, some ate cllectne Lor perieds up to 300 min 
utes Nn conditions simulating moderate to heavy rain- 
tall. A sine-disk prapeller designed for vise in shallow 
water even when fouled with heavy marine growths 
was found in tests to give only low spocel and to sulla 
from considerable cavitation and sibration. An im- 
immersion heater operated frois Ure scarage battery to 
heat the ail in the reservoin and other modification 
devices were developed to facilitate the» ald weathry 
starting of lank engines after they lad been exposed 
fo tempera cures ay low as aay 


TRIS Special Studies 


Ship harning researc was conducted on numerous 
models and the results correlitted with vactical data 
on fulbsive nasal vessels man attempt to deceuudne 
and evaluate che eflect of hall design and of hull ap- 
pendages on the mancnycrabitity of desttayers and 
other ships. Recommendations were prepared for 
general design features whith would improve ship 
turning. Chis work, together with carilation research 
stusties, was turned over to the Navy (or continaation, 

Iran attempt to covrlate the performance of such 
vehicles as the Weased ou saat chiaaces ved by dif 
ferent properties, it was found that vehicle perforne 
ance (s alfecied by the demsity and depth ol the snow, 
the penctration ise the svew at dito ait ground 
pressures, the water content atthe snow, and partica 
larly the shearing strength: of the snow at diflerens 
ground pressures, Gorcelation of these factors watt 
moeteorologival coudidious has shown shat it is pas: 
sipte to mirke satisfactory (orecets of vehicfe par form. 


See Chapt 18 iv thy. vedeute. 


ance on snow uot merci, ior a perivd af 12 wo fi 
hours, bucesen for many days ahead. An attempt to 
reduce the visibility of w kes of suvtll amphibious 
sehicles used in land operations lest to tests on chemi. 
cabsiatares and mechanical bailes proposed as wake 
suppressors, Under the conditions of the teats, none 
vb the mixtures or devices was launad to parses any 
practical valac. In a progmau of wind and wave 
studies, Measurements of wave height, wind velority, 
Wave speed, wave length, and the velocity of pra. 
tion of waves, followed by the correlation at 


measurements, made it possibie to predict 
wave heights com wind velocities with reasonable 
uccuracy# 


salle Special Projects 


lu otder te conduct aitacks on Japanese flect units 
and dau, plans were made for a /0-dou, controllable 
missile to be delivered: hy mcans of B-17's which 
would cither be oprrated by a skeleton crew ov be 
equipped with tees sien and opercued by remote 
contro] from a B-29 flying beyond range of enemy 
re. Other special projects undertaken by the divi 
sion or iis antecedents include the maguetic com pass 
for tanks, the adegraph, land mine detectors, an 
wibasient moter generator, map reproduction de- 
Views, defense methods against might bombing, and 
plans fur iwongaange, glider-borne acrial parpedaus to 
be wowed and radio-conn offed by heavy bothers, Por 
senpel of the division likewise cooperated in the de- 
velopment of devices a 


wien in 
Tandtug operations and for the destruction of tand 
obstacles, and in the Slanhatvan Praject! 


Gots fan navin 
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Chapier 2 


AMPHIBIOUS JEEP 


(%-Ton, 404 Amphibian Truck} 


Summary 


vine the aut of 1941 ube 4 -ton, dxf genaal 
D purpose truck was converted inte au amphibian 
Joy use a carrying peronneh Phe chassis, power 
plani. transmission, dillerential, and wheel compon- 
cuts of the parent vehicle were used ina hall with a 
propeller wounted in a tunnel, the necessaty power 
take-off, a mitrine rudder inter focked with the wheel 
steering system, a bilge pump, a capstan, and other 
marine app. enances, After limited held tests on 
pilot madels, the new vehicle went inte production 
with an original ordet of 8.800. Recavoe of insubficient 
carly testing of production models, inadequate in- 
spection and supervision of production, failure to 
piovide for a continuing development program, (ail: 
ure to recognize the necessity lor training, and, pitr- 
ticularly, failmre to comsale the using Services before 
preduction began, the amphibious jeep" was later 
discarded asa technical anc iactical failure. 


2d THE PROBLEM 


The cauversion of the welltgsivd and accepted 
oton, bed generaé purpose track into an amphibian 
the first major project undertaken by Division 12 
was fast suggested in the summer af MEO by ihe 
Quartermaster Corpy, which initiated a formal ic 
quest in the spring of T@0L Chis request: included 
gencrab specications calling fara vehicke which, 
while retaining the Lind mancuserabtligs at dhe oop. 
woukd abe be able to teoel in calm or prstected 

water atabout 5 ngph, 


ag PROCEDURE 


Alta a prefitainary saree. ib was recommended 
that the problem be wayed be a fall, petatinent con 
voter at dhe standaid tg ton, Ish sebicle.! Other 


Prope OU loaned OMC E 

} Phe inveauevon ws candid bs Spadina © Stephens, 
[re Net York NOY unc: SRT cout OF Mar Vek 

vO hirst tests qere petdorimed at dhe Stevens Initiate, Hola 
ken NJ 


propesal, including the use of detachable poutons 
and glider wings, were rejected. A program of lowing. 
tests was conducted on scele models,* and then, at the 
suggesdon of the War Department, a contract was 
placed with the Marmon- Herrington Company? and 
hacer a development contract was made with the Ford 
Motor Company.” Both companies were authorized 
to prodace pifot models according ta the specifica- 
tions already estal‘ished on the basis of scsle-model 
studies, and each followed relatively independent 
courses of development. 

A lightweight, welded hull was prepared to include 
the nevessary cunuels for axtes, drive shaits, and pro- 
peller, and necessary seals were incorporated, bu the 
Ford mouicds, the hull structure was so designed that 
the nennal Chassis frame of the nonamphibtous jeep 
could be retained. The other major additions in. 
chaded a power-drivea bilge pump with an output of 
approximately 50 gallons per minute, a power-driven 
Gapst in the forward deck, the necessary drive for 
ihe pro ater, and a warine raddes operated from the 
regudar stecring column. Shielded air intakes were ine 
stalled to supply air to the engine duriag aperationys 
in rough water. 

In whe Marmon-Hernsgton modeh, tbe power 
plant, transmission, differential, and wheel compo- 
neat remained the same as those ou the parent 
vehicle, while Ure body was a waterproofed fll of 
welded stvel comauction with a propellar mounted 
ina tunnel at the ste and driven trom the gansmis- 
siow through a power take-oif, Other addutiois in- 
chided! @ aarine rudder intertocked! wi 
sivering system, a hand bilge punip, i 


tthe wheel 
hand capstan 
with 3,500 pounds direct pudf, and stuckled circuda- 
dion for the cons cational cooling sssivin, 


Both the Ford aud Marmon- Herrington pilot nod: 
ch were completed and subutttced for testy berween 
February and April 19 he. 


S this anvestyatien as undertaken by ibe Macon tte 
hogton Company, Da. fatiarapeli. lat. ander OSRD con. 
Tat OFF Mise 1X2. 

© Plus titesfigaiton wis underiiker by die Fou Mitos Cog 
Hn. Dewrborn, Midk tile OSRE comic COE Mat 187. 
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RESULTS 


Piatt 1. A Side view of Mammon dtesiugton amphuibions jeep. (3) Rea view of Marmon-Heniagton auipphibious 
jeep. showing Che tann]e! Map (lo aii going astern in water) tansed to shoes tinued. 


oy RESULTS 

‘The Marmou-Herrington pilot model! (Figure 1) 
has an over-all length of 17914 iuches, a width of G4 
iuches, at height of 6734 inches, a wound Clearance of 
ISinches, a weight light of about 3.500 pounds, acta 
weight loaded of 4,300 pounds, Masimuns speed is 
6d mph on land aud o.5 mph in water, Grade ability 
1,60 per cont. Alter limited tests, this moded was 1e- 
jected by the Arms. 


‘The Ford pilot model! (Figures 2,3, and £) lave 
an overall lengdh of 179)¢ inches, «a width of 61 
inches, aheight of 114 judhes. aground clearance of 
914 inches, a weight light af about 3.150 pounds, and 
a weight loaded of 3.950 pounds. Maxiniim speed is 
65 mph on fend and about 6 mph in water, Grade 
ability is 60 por cont. Field tests showed that these 
model could Ginb oat of fanty steep and partly teed 
river banks, crow ploughed fields, knock down. tices 
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B AMPHIBIOUS JEEP 


fiotxr 3. Tn water. tinal pilot model of Ford amphibi-us jeep achicves specd of about 6 mph. 


upto Linches in diameter, and operate in moderate 
sul (Figine 5). After viewing demonstrations and 
motion pictures of these tests, the Commanding Gen- 
eral, Army Service Forces, placed a production order 
for 6,000 units, (Later, dhis was increased to 12,774 
units.) At this point, Division 12, having carried out 
its iustrucons, felt that the future of the vehicle lay 
between the manulacturcr and the Army, and conse 


queatly turned ts attention to other problems, 

Phsoon becune apparent that the amphibious jeep 
was not welcomed by the Army Ground Foices, who 
contended, first, Unat the vchicle was not seaworthy, 
second, that they had not been consulted during its 
development, and, thid, that it filled no military 
need. Do was not requiiedd as at scout Gar ner asa Gicde 
at vehicle, and it was too small to possess vale as a 
logistical seaicle, 

Many of the first thor cand amphibious jeeps de- 
Viverced to the Ariny sank after a few Inours or da 


operation which did not endear the vehicle ta pre- 
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viously lukewarm military Customers. 

It has become apparent that underlying the failure 
ol this vehicle were a number of causes for which die 
responsibility must be shared by Division 12. the 
Arm, the designers, and the manulacturers. 

In the first place, Division 12 personnel, by the de- 
ceptive case with which they handled the sehiste in 
surf, convibuted materially to ai over-opuinisin soon 
displayed by high-ranking officials of the Army Sery 
ice Forces. However, the failure of the vehicle was not 
primarily duc to ity inability to negotiate surl. 

When the design was frozen for production, the 
manufacturer transferred his design engincer to a 
glider project. There way a discontinuity between de- 
sign and production. Phe new workers recruited (or 
the assembly line were placed under sttpersisors new 
to the project. Dan ing the critical early pertad of pro- 
duction, there was uo Haison berween the design engi- 
veer and this new group or their supervisors, who 
were not familiar with the amphibious put poses of 
the vehicle nor with the significance of many assen- 


bly detail. Division Et had not vet learned the ucees 
sity dor keeping in torch with the production of anew 
Weapor and tested its project engineer to the 
DUAW project. As a result of this failure, faults 
which becunac paauediatels apparent 
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tee renktined uacorrected, aan vehicles Conmtinucad to 


sink because et poor welding, ceadic Clearances, and 
acnumber of ascmbly practices which might have 
been sadist. tery fora land vehicle but whic, in tbe 
casc ol an amphibian, became sulhciently serious in 
the aggregate te result in grounding the vehicle in 
most counMands. 

Division $2 failed to insist, in the Ltce of reputed 
man fact ing difhaalties, apon the functional speci 
faeation that the ignition ».stem be water proofed, as 


CONTIDEN TEAL. 


was hater carried outon the DUERW. When the Eeasi- 
bility of this was determined in the case of the 
DUBAY, a suitable system of waterproofing the jeep 
ignition was inunediately developed and ktter ap- 
proved by the Ofhee of Chief of Ordnance, Detroit. 
Because of long delays in placing itin production, all 
but $20 vebides were deliv cred without tt. 

Division [2 had vot yet learned the necessity fora 
logical and continuing development program, Inthe 
absence of such a progiam, design errors such as too 
sinall ties amd excessive weight all remained uncor- 
rectes. even alter their serious cffcets became appar: 
ent. Atthe time the final pilot model was accepted, it 
appeared that the weight light could be reduced from 
3,150 pounds to perhaps 3,060 or Tess, but instead 
more equipment was added so that the final weight 
reached nearly 3.500 pounds. Tntroduction of a T2- 
volt clectrical system at tae insistence of the Signal 
Corps indicated that litte or no consideration had 
been given to the effect of this on weight nor to the 
even more serious problems of overloading the fan 
belt and interfering with engine cooling, Insufficient 
thought was given to balanced cooling diving opera- 
tion in tough water with the forward intake ¢fosed. 
Throughout the developinent ithad been assumed 
that this hatch would be closed for only a few sdin- 
utes, but in actual operations it was found that occa. 
sionally this batch would have to remain closed for 
much longer periods. 

‘Tbe early production models were not edequatels 
field tested, Ste (testing was not coutinued on produc 
tion vehicles. Pilot model testing had been conducted 
without consideration of poorminee in nuad or soft 
sand, and the only sand tests were those Gatied outon 
arelatively hard and fatareaat Virginia Beach which 
did net reveal the difhcultics which the amphibious 
jecp would Lace on less suitable sand. Asa iesult, the 
need low per tires and the desirability of pros tding 
Incas to change the ire pressure while under was 
were overlooked by Dis ision V2. Tn cold-weather tests 
of ac pilotamodeds, the vehicles were always kept ina 
heated storage doom and consequenth were nat seni 
ously affected by tee fomming in the hull sand ta the 
pimp system) asituation whieh becune qr tie serious 
beactoal held operation, 

Atnthe maier factor the faire of this vehick 
wan Tie Radure of te Anny Co iedtite a taining plo 
gio. Later, abba: soni 2.000 se hides had been pro 
duced, Division 12 and the iamidacmarer adept 
jolaehs te dnueduce such a progian to salsage the 


CONTH 


RESULTS 9 


vebide, bat this proposal was tained down by the 
Anmy on the grounds that would merely waste nan: 
hourson atchicl lor which no essential role actually 
existed. “he lack of & Gaining program residted in 
the failure of the dviveis to get an adequate under 
standing of the operation and the Hinitations of the 
vehicte, Adequate publications and other raining 
nnuter needed for vehicle operators and maintenance 
men did not reach the beldi antl many months after 
the vehicles had been delivered and had lailed. 

Reports of these faileyes and the underlying causes 
for them reached Division 12 only by chanee, and nm- 
inediately every possible step was taken, in collabora: 
tion with the manufacturer and the designer, ta im. 
prove the vehicles in the process of production, and 
to prepare modification kits and get them to motor 
pools and embarkation centers for the improvemeut 
of vehicles already delivered. Despite these cllorts, it 
was impossible to catch even a substantial naamber of 
the vehicles before they reached their eventual users, 
The 12, 
duction line sal did not have a waterproofed engine, 
After 12,771 anits had been produced, the line was 
slut down. 

Division 12 and other divisions of the National Dc- 
fense Research Committee, together with many of the 
military agencies invalved, derived a considerable 
education from this unfortunate experience. In the 
case of Division 12, these lessons were applica most 
profitably in the development of the DURAY, which 
was Cosely followed by division personncl font con 


Sith amphibious jeep to come ol the pre- 


ception of the vehicle through production to its tact 
cal use by virtually cxery DORW company, uotil 
after the end of the war. 
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Chapter 3 
THE DUKW: ITS DEVELOPMENT 


Summary 


IT (itt spling of 942, withaut Sersice apjnosal, 
work was begun on the deselupaicut of a wheeled 
amphibian designed to discharge military srores at 
a high rate of speed direcdy from ship to damp and 
to support amphibious assaults. Phe amphibian was 
soon named the DUKRW. 

dt was decided that it would be a conversion of the 
Army (ruck then in highest production, the General 
Motors Zyz-ton, 6x6 tuck. Pilot models were built 
with aff sain Gack chassis units retained in their 
conventional location and with a watertight hull 
wrapped under the (tame. A rudder, a propeller, 
bilge purups, and other marine appurtenances were 
added. Later a controllable, central tire-intlation 
syste was perfected and incot porated to adapt the 
HURW for opeation over a wide variety of beach 
conditions. 

inearly tests, de DURW showed a speed of about 
8.5 wiph in water and 45 mph on fand and readily 
negotiated the moderate sur available. Later tests 
showed it could go chrough quite heavy sur t 

fu fune (912, che War Depaunent initiated a pro- 
duction order for 2,000 unit, but there was ap 
parently no general Service acceptance of the vehicle. 

Under ordinary circunntances, the miatjor work of 
the Office of Scientific Research and Developnient 
{OSRD) on this progiam would have been terini- 
nated at abaut this point. fn de end, however, these 
engines ings phases came to represeut a minor and 
preliminary part of tke OSRD conudbucou to the 
overall DURW problem. Secording!s, fullscale 
dremonstiatians were staged tu rough weather ta 
HMnanate the satepie and pactival worth ol the pews 
weapon, Special diteny procedures were perfected 
for operation not mucly werasy salt samt but alse 
avoys corel Pressure wep miainGdued on continsning 
alotech. 
ahle the 


tesing and modiltations, Special logis 


niques and cqnipment were developed to ¢ 
DUK 
quickly on bind, and to tery Gaiks, Gacks, and air- 
planes, Special wera techmiques and equipment 
were devcloped for casing aud ining the 105 mm 


Wi oto dischinge doaded vewels, to dua carge 


howitver, dhe 24 poundes, (he Singh anotank rife, 
and the §54neh beach barrage rocket. 


thes and simifar activities, cufiiinating an the 
uscol the DUR AW in the ins aston of Stay uithe san 
ner of ED1S apparcucdts sadshed tbe High Comanaid 
ofthe potentidt value of the DORW, fut the Acimned 
Services did uot feet it adsisable to ttlow OSR DE to 
withdhaw front the project a Chis petit 

Yo reatize the capectadons of the Efigh Coin 
mand, twas found necessary ChalOSRD, fn second 
departure from a siticdy engineering aysigament, 4 
cept requests to sGage demonst ations in nearly every 
combat theater, initiate and supervise waining and 
levyaining progsams, excite all posible pressure to 
vapedite madilications found escatial in the field 
(and make Geld Gnptovisations in many cases), estab 
lish madnenance and operational procedures, assist 
in indocuinating stad officers of mimy theater can: 
manders, and finally are at thesterstabl level the 
full exploisarion of the DURW not only as a logist- 
cal butalso asa tactical weapon of war. 

At che cond of the war, about 13,000 Cniited Sides 
Ann) and Marine Corps troops hid been organised 
inte ubow 76 acdvaded DURW rompaiics of 36 
DURWSs cach, About 75 percent of these meu bad 
beers trdined of venained under OSRD super sisi 
either inthis county or overseas, Abawt 5,500 British 
troaps had been organized inte 12 DER W companics 
of 120 DURWS cach, and) similarity, most of chee 
fares had received) OSRD amlocaination in Pug 
land, Scovfand, or India. Vdditional small consign 
mncHils GF DERWs were issued to nmnits af die US. 
Coast Guard, Sigrtal Gatps, aad othice groups, sane 
of whieh veeetved! OSRE taining. 

A tomal of 21 DBURWs had beca produced hy 
Auguste 05, $995. and omiore than 6.00 additonal 
uiits were order. 

In destondiag onder of importance, dhe priacipat 
shartromings of the DURW were ips saad) size. phe 
Hiffieda of antosding it, is poor performer in 
mudd, and tts low speedoin water. Po overcome thew 
fumditaps to both logisticadand atic perfomance. 
itis tecoesmensed thatide DU RW be supple memed 

but teciepheed by alton. 3) tick samphifien. 
the hoger auphibian shontd be devedoped in ive 
ntodeds. one ts... coma. tele and one far dic suppart 
obthe asad) ane dea yretcls surly frase Vertes. 


CONHIDEN TEAL if 


1% THE DURW: VIS DEVELOPMENT 
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Lr the spring of TOTS, some of the xing shipping, 
difficatiics and the patie ol some of the prabable 
atleasive actions te conte had beets audcer stndy bs 
OSKES personnel! for some cine. 

Jt was known that Lend Lease ships in ports such 
a Basta sometimes waited seveud moni to be dis: 
charged into saiting fightars. La ports such as Ba istol, 
the fa 
with war tonnage, and ships waked their Gan. dt 
scented Clear dat ff auch ships, while lying in the 
stream, could be at feast partially discharged dive dy 
ty mathoad sidings oF dumps at a high rate of speed. 
chen tuntraround world be speeded avd the cllec 
tive tonnage of the Affied merchane ficet ine ceased 
proportionately. 

Fusther, i¢ secmicd dear sat cte invasion of Ear: 
ope, a whatever point and the reconquest of isfands 
in the Pacific weuld both reqeive new techniques i 
Leading operations sed new auphibious equipment, 
including vehicles, to make these operations possi- 
bles Except in rare instances, it way expected: that 
there would he tio hathors or piers ready for ase by 
the invasion lorces, certainty mac after Aified boutb- 
ings aud sabotage aud cuemy demotition. There 
woud be few beaches where caige could be passed 
divecdy (rata ship to ack, Lnsread, if was expected 
that fandings would: fe made on open beaches, overt 
recss and sind bars, and that nlinry Gargp and pos: 


iities were modem but isuhicient to cope 


silly combat velictes wise offen be curicd from a 
ship fast over deep water, then perhaps over sand 
or com and more deep water, and finally cither uy 
fod fanstey poituor che dirvethy (adie conmbat apis 
wititing fav the supplies. 

No vehicles then in production or uuder develop- 
ment could adequately GH such maaltipurpose as. 
Sigpmincuds. Pho Roebling UWipates, progenitor of 
ipartd dea the UL 8. Mavinc 
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Corps by Food Machinery Corporation. Borg-Warner 
Corp. and others, appeared to approach this goal 
mast closely, but this wack Saying amphibian is prim 
warily for combat use andl excels tn mud and swamps, 
$08 Use as aL openses Cargo Ga ricy is iimited by poor 
Tameuverabilin at shipside, relatively poor perforin. 
ance in heavy suit, tow kuad speed, veluively high 
Inainicnasne, and cxecasive damage to roads con 
linnously subjected ty its grouscts, 

Karly in Aprif 112, without formal request oF aps 
proval from the Win or she Navy Deparuaent, and 
indeed iu the face of high-level opposition to what 
was Jabeled “just another special vehicle,” the Direc: 
iprof OSRD amborized Division 12 10 begin werk 
on one such vohicly, soon baptized die DURW. fa 
save tine in development and to simplify field utain- 
tenance, it was arbitrary decided that it would not 
be a “ground-up” design but a conversion of the 
Army truck then in highest production, the General 
Motors CCKW: 353 214-10n, 6x6 truck. 

‘the basic design haviug been roughed out, de- 
Velapmental cuyineeing and espertacmal shop 
work syere begun on April 24, 1912, at the Pontiac, 
Michigan, plant of the Gconeral Motors Corporation 
Finck and Coach Division, whase extensive design, 
researc test, and shop facilities were mobiticed he- 
hind thiy project at the suggestion of Chiel, Motor 
Transport Division, Office of Quartermaster Gen- 
etal, Pasounel of Sparkinay & Stephens, inc, were 
placed! iy charge of marine problems.$ 

Cneter ordinary circumstances. the najar work of 
OSRD on this program would have been termined 
with the completion of desigas and the construction, 
testing, and modification of pilot models. Chis, how- 
eva, became an ohusual program, and in the end the 
cugincering phases cane je represent only amino 
and preliminary pant of the vale which OSRD was 
asked ta phat in developing the ovev-all potentiality 
ob ibe Abied DURW ficet. 


ob tie dice af Biel Sevviees (OFSf. and in the Puvopesas “Che: 
ater nader the adminispative care af OSRD, Sondon Missin 

for suagdiciny work done wuider wn of thise arangeutcuts 
wilh be vetoed tein Chapters ¥ dred fas work done ta on for 
PSRb-. 

sve align tor proposed quok aren ship, ja provisle sea- 
fife fae ample tombs Chapter F2. Seating V20G) end pro 
posed uestible ponte fore (Chapter 82. Section 12 UR. 

“CP bis invesdigation was conducted fy Sparkniue & Stephens, 
tae ON Youd OSRD cout OF Mar 99% sad by tbe tr. 
cra Motes Cimporstien GME diack & Coach Divaien coum 
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Once the development program was well under 
way, the next part of the problem was to obtain ac- 
ceptance by the Armed Services? This was not easy. 
‘The DUKW idea did not sell iself, This idca may be 
recapitulated and sunimariaed as follows: 


_ Loeisticay Uses oF tHe DUKW 


1, ‘Fo discharge military stores at a high rate of 
speed directly from Liberty ships lying in che streams 
to rail sidings or dumps, in harbors without modern 
facilities, like Basra; or in harbors with congested 
facilities, like Bristol: or in harbors which had been 
put out of action by war, like Cherbourg. 

2 ‘To discharge combat states at a high rate af 
speed directly fom oombat-toaded vessels (AKAs, 
LS'I's. ete.) to dumps, possibly across beaches storin- 
lashed or girded by oujlying reels ov bars. 

3. To evacuate castalties direcly from forward 
areas to hospital ships, delivering the wounded to the 
receiving station on the boat deck without the shock 
of the sometimes unavoidably roug!: handlings at 
the surf line and at shipside. 

It was found chat, with the highspeed DUKW 
mooring system by which the DUKW is automatically 
located precisely under (he cargo boom, a suitably 
loaded ship could be discharged into DUKWs at a 
continuous rate in excess of 20 tons per hatch per 
hour, In 1912 and 1945, this implied 4 great reduc- 
tion in ship vurn-aroeund time and meant that a fect 
of a few thousand DUKWs could, in eflcct, have 
added several million tons to the Allied merehant 
fleet. 


“Vactrican Usss or tHe DUK W 


L, ‘To transport l5aam howitzers, aimunition, 
and combat troops directly from a ship to a forward 
battery position for fire in support of an amphibious 
assault. 

2. ‘To provide close-supporting barrage fire, with 
43-inch beach barrage rockets, during the critical 
miistitces just before and fast after a Landing. 

3. Po transport combat stores at a high rate of 
speed directly to forward positions from combat- 
loaded ships (AKAs, LS s, etc.). 

4. In general, to achieve strategic surprise by sup- 
porting an assault on such a coast and through such 


efhe amphildous jerp had been put into production with- 
our consuliing the customers, who, without indactringdoy. were 
allotted se many per divishes a0 leipertant factor in the faihe 
of this amphibian tw win inany friends. 
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heavy surf that the enemy “kKaows we wil not land 
there.” 
ADVANTAGES 

‘These logistical and tactical dectrines imply sever- 
al benefits: 

1. A means is provided of getting inobile artillery 
ashore in close support of the assaulc and prior to the 
arrival of LSTs. 

2. There would be freed for other duties 4 very 
considerable’ nanrser of troops and special equip- 
ment otherwise tied up in beach parties, sametimes 
forming human chains in the surf to pass stores from 
landing boats to skid pallets and then to trucks. 

3. Except in rare cases, the burden of the assault 
phase would not be inereased by a requircment for 
bulldozers, Summericld matting, and other‘aids to 
beach crossing. ? ; 

4. Fromm utc foregoing, it follows that a beachhead 
supplied by DUKWs could expand faster than one 
supplied by LCVPs, UCMs, or other landing boats 
of the same general size. ; 

However self-evident they may appear in 1945, 
in 1942 these doctrines were simply the unitied pros - 
posais of certain OSRD personel and carried no 
conviction to policy-making ovicers in the War De- 
partment. Only the Chief, Armored Force, was inter: 
ested in the DUKW, He was secking a means ¢a get 
tanks ashore over ounying reefs, and the DOKW 
offered a possible solution ta his problem. A largely 
futile sales campaign was carried on throughout the 
summer of TZ in the face of continuing opposition, 
While a small production order had been placed in 
June 1942 on the directive of the Cominanding Gen- 
eral, Army Service Forces [ASF], it was feared tat, 
Without general and warm Sérvice acceptance, the 
DUKW wauld suftcr the fate of the amphibious jecp 
abe issued to untrained troops and be condemned as 
a faidure. “) bis actually did happen to a small group 
of DUK Ws at Milne Bay in June 1943. 

Accordingly. OSRD deemed it essential to mount 
a full-scale and compelling demonstration of dhe 
DUKW, With the assistance and encouragement of 
certain officers, partiralaily Colonel R. R. Robins, 
Development Branch, ASF, and General Daniel 
Nace, Commanding General, Engincer Amphibian 
Comave.t, such a demandratian was organized in 
October, mounted in November, aud carried nut a 
Provincciawn, Maathusets, early in December 
1942. Ir achieved a limited objective, and 25 DUK Ws 
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were forthwith ordered to each of four theaters by 
the Assistant Chief of Staff, War Department Gen- 
eral Stadd (WDGS], G-3. 

This limited acceptance, under these circum 
stances, of such a highly specialized vehicle as the 
DUKW resulted in a delay in the development of 
training programs and training aids, in the selection 
of waining centers, and in the indoctrination of 
higher command. ‘These all inevitably lagged behind 
production, dicn getting under way, as well as behind 
the needs of the theaters, ‘Vhis situation would have 
been less acute had the DUKW been recognized 
originally as a tactical weapon, but it was first ac- 
cepted as a purely logistical vehicle and its destiny 
was accordingly placed in the hands of the Transpor- 
tation Corps [TC]. ‘Phis corps, functioning at a rela- 
tively low and noncombat echelon, was unable to 
command adequate facilities or personnel for the 
- job of fully exploiting the strategic possibilities of 
the DUKW. 

When it was learned that a consignment. of 
DUK Ws was being sent to North Africa, and that on 
arrival their trained crews and off. crs were virtually 
all transferred to other duties, it was feared that this 
meant disaster to the DUKW program, and OSRD 
requested: permission to send training personnel to 
North Africa. ‘This was‘ refused. OSRD then re- 
quested the manufacturer to send personnel to North 
Mirica to belp with this training problem, but the 
manufacturer, not unreasonably, felt chat he had 
no responsibility for the manner in which the Army 
used the DUKWs, Unwilling to let the weapon go 
by default, OSRD arranged with the Assistant Chief 
of Stal, WDGS, G-4 to send an emergency photo- 
graphic training manual tw North Africa, and de- 
cided to make itelf available 1 work more inti- 
mately with the Armed Services in matters relating 
to the use of the DURW. In response to Wai Depart- 
ment requests, aud in cooperation with various of- 
fiers, OSRD personucl therefore set out to attack 
the problems of selecting training centers, drawing 
ap and conducting training cousses, creating train- 
ing aids, drafting Sables of Organisation and Vables 
of Equipment, writing and editing waining and 
maintenance manuals, attempting to arrange for a 
How of spare parts. and, finally, assisting in’ the 
prrparation of a sound film for the Joint New 
Weapous Conunitice of the Joint Chiefs of Staff, 
which catlined some of the strategic global powi- 
bilitios af a large fleet of DUKWs. 


in March 1943, the 451st Amphibian Track Com- 
pany [ATC) arrived in Noumea. It had been tained 
at Fort Story, It was in fine fettle, In a test it cis- 
charged a Liberty ship in Noumea Harbor directly 
to a dump at a rate of 22 tons per hatch per hour, 
compared with the average rate in Noumea at that 
time of about 7 tons per hatch per hour with lighters. 
‘The test was reported to the War Department. 

This report broke the ice. It was followed in july, 
after the invasion of Sicily, by a message from the 
Supreme Allied Commander, Mediterranean ‘The- 
ater, to the Chief of Stait: 

“Amphibious truck, two and onc-half ton, com- 
monly called DUKW, has been invaluable. It greatly 
facilitates How of supply over beaches and on one 
beach was used as assault craft, Mechanism should 
be kept secret as long as possible. We would be de- 
lighted to get some more of them.” 

Production was stepped up and plans were drawn 
for the DUKW to bear a heavy share of the burden 
of supporting some ot the forthcoming operations. 
OSRD redoubled the pressure to correct faults in the 
DUKW. 

For 4 time OSRD believed this high-level accep- 
tance meant that.all necessary steps would be taken 
to institute more rigorous training and, especially, 
the indoctrination of field commanders. It was soon 
apparent, however, that while the DUKW flcet had 
looked good to General Eisenhower in comparison 
with the landing boat-human chain alternztive, it 
had in fact delivered less than 25 per cent ot its po- 
tential. In reality, the measures requisite to a realiza- 
tion of the High Command's expectations could nat 
be taken by the Military, not many of whom had had 
experience in small boats and still fewer, in surfman- 
ship. 

At this point, it was realized that OSRD had no al- 
ternative but to accept invitations to see the DUKW 
through into combat. 

Upon invitation, OSRD personnel consulted on 
amphibious problems with the staffs of th- theater 
commanders, including Commandcr-in-Chief, Pacitic 
Fleet (CINCPAC], Southy. st Pacific SSOWESPAC), 
South Pacific [SOPA.], Sc theast: Asia Command 
[SEAC], Mediterran-an Theater of Operations 
{[MTO}, and Europeaa Theater of Operations (ETO). 

Ac the request of the Chief, Combined Operations 
(British), OSRD personnel were sent to Scotland in 
May 1943 to iain British DUKW drivers, make good 
equipment deficiencies, and supervise loading for the 
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~ Sicilian invasion. Later, at the request of the Com. 


mander-in-Chict, SEAC, similar assistance was pro- 
vided in Fadia beiore the amphibious assault on the 
Burm coast. Similar requests resulted in the assisa- 
ace of OSRD personnel in Wales in’ training 
DUKW drivers betore the Normandy landings, and 
later in supervising @ DUAW school at Waimanalo, 
Oahu, 

A dectrine of amphibious assault was first pro- 
posed by OSRD at a series of conferences called by 
CENCPAG at Pearl Harbor in August 1943. Pre- 
sented as being ‘suitable for use at ‘Larawa, it was 
rejected by Amphibious Forces, Pacific Fleet. ‘his 
doutring, which was demonstrated later at Milne 
Bay, New Guinca; involved the coordinated use of 
LSVs, DUKWS, and LV'Es, with the DEVE Ws carry- 
ing rockets and 105's daring the assault phase. [i was 
used at Arawe and later became largely standard op- 
erating procedure througtiout the Pacific. 

In SOWESPAC, OSRD personnel corrected abuses 
in DUKW flcet operation at Guadalcanal; deter- 
mined by reconnaissynce and map study the possi- 
bility of using DUKWs on Munda, Rendova, Ko- 
lombangara, Vella Lavella, Empress Augusta Hay, 
and the Treasuries; analyzcu ship-to-shore logistics 
of the New Guinea ports of Milne Bay, Oro Bay, 


Buna Bay, and Lac; determined by reconnaissance 


the feasibility of using DUKWs at Finschhafen; 
evolved quantitative doctrines and established per- 
formance yardstichs for DURW companics: and in- 
rangedl and supervised numerous demonstrations. 

Many conferences were held in theaters, including 
three highly productive ones at the request of Allied 
Forces Headquarters [AFHQ], Algiers, in December 
1913, at which daily tonnage rates to be guaranteed 
fo the planners of the invasion of Southern France 
were recommended and the prerequisite training, in 
doctrination, maintenance and spure pais procure: 
ment programs were oudined, together with te 
tactical doctrines developed in the Pacific. 

The major problem of the optimum utilieation of 
the AHied DUK W fleet was nox solved at War's end, 
and OSRD was requested to maintain its stopgap 
role until after V-J Day, when an OSRD representa. 
tive, having served on the Stall of che Connnanding 
Gencral, Army Ports, Okinawa, was sent to advise 
ou the operavoen of the DUKW flect in korea. 


Scorr oF Tips St vamany Report 


Tis inipossible iu this Summary Pochnical Report 
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to assess the original objet tives of OSRD, the design 
deeisiens, the Jater recommendations for design 
modification at die factory and in the field, the 
various solutions to the problems of maintenance, 
or the opnelusions and recommendations? without 
some reference co the logistical ad tactteal assign: 
ments actually given to the DUAKW in theaters ol 
operation and to dhe role of OSRD in shaping such 
amphibious doctrines. Accordingly, the chapters de- 
voted to the DUKW are not wholly confined to a 
recital of enginecring matters, but also touch brictly 
on such related portions of the overall problem el 
the optimtan use ef the Allied DUKW fleet as may 
be necessary for a Clear assessment of the techincal 
work of OSRD. ‘Phese related matters will be found 
described more fully in’ the historical records of 
OSRD. 


3.2 THE DESIGN PROBLEM 


As indwated above, the technicai development of 
the DUKW was based on the arbitrary decision that 
this vehicle would not be a “ground-up” design, but 
a conversion of thy General Motors Corporation 
CCRW-358 214-10n, 6x6 ruck, 
| ‘The basic specifications called for a water speed 
of about 6 mph, minim profile, minimum weight 
and land performance equivalent to that of the pit 
rent land vehicie. The conventional location of all 
iain chassis units would be retained ancl a water: 
tight hull woutd be wrapped under the Irame and 
below the engine, transmission, and iniunsfer case, 
leaving the wheels, axles, springs. and drive shatts 
exposed, 
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$3.1 The Fundamental Decision 


It was expected at the outset that developing a 
new amphibiaa by the conversion of a well proved 
land vehicle aheady in production would accelerate 
the whole program, making it powible to ut. 
many standard components and design fcatures, 
while at the same time simplifying maintenance in 
the field, since maintenance techuiques and niaay 
spare paris for the parent schicle would aheady be 
available. 

dt was rec ognized that this decision sacrificed the 
possibility of the better water performance which 
might be expected front a “grou dap" design. ‘Uhe 
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evidence indicates that this was a fortunate decision: 
in a.global war, we parts procurement proved a 
constant nightmare, - 


$42 Basis of the Design 


The General Motors Corporation CCKW-353 
2y-ton, 6x6 truck! (Figure 1) had been in produc- 
tion for i year and a half, it had t .2n well received 
in the field, spare parts were alrcady available at 
depots, and its design seemed well-suited to amphibi- 
ous conversion, Its engine had been in production 
for 10 years, and some 500,000 were in use on buses 
and trucks. : 

In order to change this truck into the awphibious 
DUE W,§ it was apparent that the CCKW power 
plant, transmission, transfer case, drive shaits, axles, 
brake system, and relaied accessories could be used 
without serious change, while the cab and body parts, 
fenders, hood, engine couling system, winch drive, 
stecring gear and controls, some frame members, and 
bumpers would have to be removed. ‘The major new 
additions would include a hull, which would have 
to be designed specifically for the job, together with 
such accessories as a propeller, a rudder, bilge pumps, 
hull drain valves, air ducts, cargo compartment, 


fC for "1911," GC for “conventional,” K for “front-wheel 
drive.” and If for “two reav driving axles" (GMC symbols), 

#4) for "1942," U for “utility,” K for “front-wheel drive,” 
aud WW’ foy ‘two rear daiving axies” (GMC symbols). 


Fu ant. General Motor Corporation CCK W 21 ¢- 


cockpit, windshield, coamings, hatch covers, instru- 
ments, controls, a modified engine cocling system, 
and a modified winch drive. 

The selection of the CCKW meant that 85 per 
cent of the amphibian would already be a mature, 
“debugged” mechanism. A great effort was made to 
“debug” the renviining 15 per cent of the conversion 
in a very short time. 


323 Scale Model Study 


Scale model tests of many proposed hull designs 
were run intermittently throughout the period from 
April 1942 to July 1943 ‘These included resistance 
tests on experimental designs and on the first pilot 
models, a study of the effect of various changes pro- 
posed for the hull, and tests on the production design. 
In addition, self-propelled tects were conducted on 
a scale model of the production design in order to 
aid in determining the stability, propulsive coefi- 
cients, and turning characteristics of the final vehicle. 

Figure 2 illustrates the design of the first of morc 
than a dozen scale models which were studied, while 
Figure 3 indicates the design which was finally in- 
corporated in the actual production amphibian, 

Tests on the scale modcls indicated that the full- 


b These teats were conducted by the Stevens Unstitute of 
‘TVechnology, Hoboken, N. J., under supervision of Sparkman & 
Stephens, Inc.. New York, N.Y. 


ne) 


ton, 6x8 track, parent vehicle of the DUK IW. 
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size amphibian with a displacement of 20,390 pounds 
wouid give a speed of roughly 5.9 myh ai a propeller 
speed of 950 rpm, 6.1 at 1,000, and 6.3 at 1,050. At 
5.9 mph the resistance in effective horsepower would 
be 16, at 6.2 mph it would be 19.2, and at 6.5 mph 
it would be about 21. 

Comparative results emphasized the beneficial ef- 
fects of housing the wheels, differentials, and suspen- 
sion in tunnels, A scow-type bow appeared desirable 
vt the speeds tested for reducing resistance, inercas- 
ing stability. and improving surf ability without 
interfering with land operations, 


a Development of the Design 


Hou 


The hull was originally designed on the basis of 
fundamental engincering theory and the results of 
the scale model tests, Many of the original features 
were arbitrarily selected. For example, maximum 


ground clearance was established by the standard 
location of the batiom of the transfer case. Consistcni 
wich the ground clearance selected, it was thought 
desirable to let the hull provide maximum screening 
for the wheels and axles, ‘Yhe shape of the bow and 
the stern was controlled largely by arbitrarily. se- 
lected angles of approach and departure, ‘The prin- 
cipal bow plate was made flat for simplicity of 
construction. ‘he hull sides were rounded at the 
bow tu provide more clearance in maneuvering, 
better visibility, and less water resistance. “Vhe cx- 
treme tip of the bow was somewhat snubbed to de- - 
crease over-all length and provide more riigged con- 
struction. In the stern, all possible displacement was 
retained to reduce the tendency of the stern to settle 
and thus to obviate the need for increased freeboard, 
which would make cargo handling more difficult, 
The maximum allowable beam of 96 inches was-se- 
lected to give maximum displacement without ex- 
cessive height for land operations. ‘This was later 
expanded to 99 inches including rub rails, 
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Fievar 2. Deyn of fist scale mode? of DUKW, showing sections of rear tunnel. 
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Fine $. Design of Gnal scale model of DUK W used for towing tests. 
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Fuvex 4. Cab-over-engine pilot model of DUK W, under way in water (cat. 
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Fiocar 5. Cab-over-cngine pilot madcl of DURW, fiat fall seake unit comatructed. 


Actual water tests showed the benefit of extending 
the length of the stcrn in order to furnish additional 
flotation where it was sorely needed and to relocate 
the propeller for higher speed, Cutting hack the 
rear portion of the front wheel cutouts proved 
slightly advantageous, while more obvious improve- 
ment resulted from adding covers over the front 
cutouts, which significantly reduced the visible bow 
wave. Rear wheel house covers were added later to 
protect accessory tire-pressure control leads, 

In the first pilot model, the cab was placed over the 
engine to give maximum visibility for the driver and 
maximum cargo space (Figures 4 and 5). In all other 
pilot and production models, however, the cab was 
placed behind the engine. ‘This made it possible to 
Jengthen the bow deck and cover the engine com- 
pletely, providing increased protection against water 
and more accessibility to the engine. With the cargo 
space thus moved back, the load on the front axle 
was relieved. By increasing the width of the com. 
partment, the necessary cargo space was niaintained. 

Another revision resulted from a decision to etune- 
mize on steel by making the driver's compartment 
out of plywood. 

Since the final hull design release in August 1942, 
the only impostant change in hull: hape has been to 
raise the height of the cargo space coaming by 6 
inches at the rear end. This provides the added free- 
board to accommodate the increased loads which it 
was found practical to carry. In ail hull construction, 
welded steel is used with liberal reinforcing (Figures 
fiand 7). 


The huil is constructed of welded sheet steel, with 
a maximum plate thickness ef about 0.1046 inch at 
the bow, 0.0988 inch at the battoi, and 0.0625 inch 
at the sides. Its relatively thin skin is reinforced in- 
side by transverse “hat section” channel frames and 
outside by similar longitudinal rub rails, The com. 


Fietat G. Sasite view of DUAW hull, showing consti: 
tion of uberl cutouts and tunnels for drive shafts. 
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plete hull is very stiff and requires no structural re- ENciny ' 
inforcement. With the gencral specifications of the hull deter 
mined, the next problem was to obtain the most effec. 
tive propulsive power. For efficiency in production 
and in field service, and because a larger engine 
would require » new power train, the standard GMC 
270 engine alréady uses in the CCKW track was 
adapted for the DUKW. This six-cylinder engine 
was satisfactory for iand performance but required 
some modifications for use in an amphibious vehicle. 
In the first experimental model, with cab over en- 
gine, the limited space beneath the cab flour nade _ 
it necessary to use updraft carburetion. In later pilot 
models and all production models, with the cab lo- 
cated behind the engine, standard downdraft carbu. 
retion was adopted. ‘The muffler was altered to reduce 
the noise level, and the distributor, the coil, the 
Spark plugs, the starter, and the generator were 
waterproofed. : 
The first pilot mode! had no provision for hand. 
cranking the engine at sea, thus leaving the vehicle 
completely helpless in case its mechanical starter 
failed. Production models were supplied with a spe- 
cially designed lever and ratchet on the water pro- 
pelfer shafc (Figure 8). ; 


i 
¥ 
i 
| 
wey : 
' Fivvas 7. Bouom view of 194 production madel DUKW, Ficune. 8. Ratchet on water propelter shaft and special 
‘ showing whee! curouts and housings for drive shafts, and lever used foi hand starting. 
propelier tinned. 
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Ficune 9, Power train of production DUK W. 


The power plant as used in the 1944 producdon 
models is shown in Figuey 9. 


PROPELLER 


Once the power which could be expected from the 

engine had been established, major attention was 
given to the design of the propeller, its position, and 
the design of the propeller tunnel in the hill, 
” Origins? estimates, which were supported by nu- 
wmicrous tests, indicated that maximum efficiency 
would he given by a maximum propeller diameter 
and a pitch ratio af slightly more than 50 per cent, 
Although the raaximum diameter was 26 inches, this 
was reduced to 25 inches to give needed additional 
ground clearance, and che pitch was set at 131% 
inches, These dimensions were used for che first pro- 
duction units, but the pitch was later changed to 14 
inches to give greater fuel econunty. 

Je was firse thought necessary to run the engine at 
approximately 3,000 rpm in order to use the maxi- 
mum available power. In the course of the test pro- 
gram, however, it became apparent that virtually 
as good results could be obtain: d without exceeding 
2,500 rem, since the power curve Jf the engine is 
comparatively flat in this range. I was therefore de- 
cided that the propeller should limit the engine to 
approximaicly 2,500 rpm at tall throttle, This would 
permit the use of the standard governor, result in 
greater gasoline economy afloat, and increase the 
life expectancy of the engine. 

From the standpoint of marine propulsion, the 
largest practical propeller diameter was desirable. 
This was limited by ground clearance and space 
available for the tunnel and was finally set at 25 
inches. The mast effective pitch for this diametcr 
preved in thers to be between 18 and 14 inches; 
this was substantiated in che tesss. Te was found thay 


~ 


the horsepower available at 2,500 rpm would warn 
this propeller at a maximum of approxiniaicly G1Gd 
rpm, necessitating an overall reduction from engine 
to propeller of approximately 2.3 to 1. ; 

‘The use of first speed in the transmission was che- 
oretically desirable. Coupled with the necessary over: 
drive in the propeller transfer case, this would give 
approximately the same inaximum propeller spm 
when reversing afloat, because of the fact nat the 
transmission reduction would be about the same in 
first and reverse. However, it was not practical to use 
first speed since the first spec years -had a limited life 
expectancy, and second speed was selected as the 
second choice. ‘Vhe propeller transfer case was dc- 
signed with the necessary overdrive te caitvert the 
output of second specd to the maximum usable pro- 
peller speed (1.100 rpm). Since the wansmission in 
reverse had about double the reduction of second 
speed, the maximum propeller rpm available for re- 
versing absorbed only about 50 per ceat of the power 
used in driving ahead. 

Aster several months of field operations with pro- 
duction models, it was decided to substianty an inter- 
changeable, two-speed propeller wansfer case, retain- 
ing the initial ratio fi use with second speed for 
forward driving, and adding an overdrive of higher 
ratio, which provides approximately the same total 
reduction in reverse as in forward (Figures 30 and 
13). Jn steep landings demanding the use of first 
speed for wheel drive, this provides the additional 
advantage of enabling the propeller drive to be pat 
in the overdrive position for maximunt propelle 
thrust. 

The position of the propeller was determined as a 
compromise between moving it aft to incease cli 
ciency and moving it forward to reduce its culner- 
ability. 
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Ficime 10, Single-speed water propeller transfer case used 
in early models. 


To simplify replacement and increase operating 
life, a replaceable journal with a scaled babbitt bear- 
ing was used in the outboard strut bearing of the 
propeller shaft and practically doubled operating 
life. A later development was 2 poured babbitt re- 
placeable journal with seals incorporated on each 
end to exclude water and retain grease; a sand 
slinger, split to facilitate removal, was added; and the 
strut mounting on the tunnel was strengthened by 
the use of larger bolts and pads. Operating life was 
thereby quadrupled. 

Some consideration was given to a retractable in- 
stallation in which the propeller would operate with 
its lower blade 18 inches below the profile of .the 
stern. This position gave about 0.4 mph additional 
speed, but it was felt that this increase was insufi- 
cient to justify the increased mechanical und opera- 
tional complication, and the increased vulnerability 
which would result. 

Many modifications of propeller tunnel design 
were investigated to get the greatest propeller cfh- 


Ficvar Li. Two-speed water propeller transfer case used 
in later production models. 


ciency, vehicle speed, mancuverability, and ‘ease in 
production. In the original design, che tunnel hat 
vertical sides and sections resembling an inverted 
“U." It later was found advantageous to open out the 
lower edges of the tunnel in front of the propeller, 
slightly decreasing protection to the propeller but 
increasing speed, and for niore maneuverability it 
was found necessary to open up the tunnel behind 
the propeller (Figure 12). ‘Io avoid unnecessary die 
work in production, it was desirable to retain simple 
curvature, and in the final design only the center 
pertion of the tunnel has compound curvature (Fig- 
ure 13), 

The top of the propeller tunnel was located as 
high as possible without raising its outlet above the 
water line when the vehicle is unloaded, Any in- 
crease above this level results in air reaching the 
propeller when the vehicle gocs into reverse, seriously 
reducing the thrust. 

In an attempt to reduce the severe turbulence in 
the wake, the rear part of the tunnel top was sloped 
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Fictme 12. Final revised tunnel shape, propeller position, 
and rudder post angle. 


- downwards, but tests showed that while this altera- 


tion improves the appearance of the wake, it reduces. 
the speed of the vehicle. 


Manne. STEERING 


in the propeller tunnei of the original pilot model, . 
the lower corners were designer! to give maximum 
protection to the propeller and the rudder. The 
rudder was placed on the propeller shaft center line, 


Ficunz 18, Botan view of hull, showing fina! design ot 
propeller tunnel. - 


Bice Pume Systru om ; . 
Early in the development of the DUKW, it was: 
realized that because of the low freeboard desirable 
for satisfactory cargo handling, the probable use in 
surf, and the undesirability of cargo space covers, con- 
siderable quantities of water would be shipped dur- 
ing normal operations and consequently an efficient, 
high-capacity, foolproof bilge purnping system would 


rigged to turn a maximum of 40 degrees on each side | 


of the cener line, and controlled by '<-inch galva- * 


nized cables connected to a steel spool on the track 
stcering column (Figure }4), 


Because of the large turning diameter, particularly . j 


when turning to the left, this design was changed by 
moving the rudder to the left of the center line, open- 
ing up the lower edges of the tunnel behind the 
center line of the propeller, and installing the rudder 
stock at an angle of 20 degrees forward and upward 
fron vertical, Linkages (Figure 15) were introduced 
so that an equal number of wheel turns in cither di- 
rection would have an equal effect in turning the 
vehicle. 

Although this modification resulted in a consider- 
able improvement, rudder response was slow and the 
rudder was found unbalanced, turning full right if 
the wheel werc released. Later, an offset tab (Figure 
6) was fixed to the rudder, eliminating the inherent 
tendency to swing te the right, and a new linkage 
system was developed to provide rapid rudder action 
for small movements of the steering wheel (see Fig- 
ure 17). 


Fecune 14. Rudder cabse spool on steering column. 
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roduction rudder-control arrange: 


Freon 35. Original p' 
ment with linkages incruduced 10 oqualize turning circles. 


be essential, It was also realized that unlike a boat, 
which operates exclusively in water, the DUKW 

~ would spend much time on thesbore, picking up not 
only cargo and personnel but also sand, dirt, and 
other foreign matter which would raise havoc with 
ordinary bilge pump. 

Three bilge pumps were specified: (1) a self-prins- 
ing manifold pump, driven by the propeller shaft and 
ued continuously ta keep the separate bilge compart: 
ments dry; (2) a stand-by, high-capacity, centrifugal 
pump, also driven by the propeller shaft, which starts 
pumping when the water level in the center bilge gets 
deep enough to prime the pump; and (8) a hand 


ick-action sadder-contrat arrangement werd 
juctions svactets. 


Ficems 17. 
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“faves 16. Revided design with cutaway lentiog. 
‘edge, rear tab, 3 rudder post. 


nd pla 


pump for use when the propeller shaft is not turning 
ox when the engine is stopped. 

‘The manifold pump, initially a belt-driven gear 
pump, unfortunately performed without failure 
throughout the pilot model tests but failed to stand 
up under field conditions. Because of the inherent 
vulnerability of this type of pump to sand and dirt, 
its need for very frequent lubrication, and the im 
practicability of necessary fine-meshed, protective 
screens, it was son replaced by ® Gould “water pis- 
ton" pump. ‘This latter device is nat readily damaged 
by abrasion and can actually help clean out sand 
from the hull. Manual controls (Figure 18) enable 
the operator to use any OF all of the intake lines. 

“The centsifugal pump used on the first pilot model 


was driven through a dauble V-belt drive, which was 


inspractical and inefficient since it slipped when wet. 
‘This pump was later used with a single chain drive, 
which lacked transverse stability, and finally with 2 
double chain drive, which gave a satisfactory capac: 
ity of 225 gallons per minute (Figure 19). 

For the hand pump, a barge-type pump with a 
capacity of about 25 gallons per minute was origi- 
nally strapped on the forward deck so that it would 
be readily acces-ible. This location, however, proved 
to be too exposed to heavy boots, and the piraps were 
frequently found squashed fiat and inoperative when 
needed. Furthermore, such a portable pump can 
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Ficvar 18. Manual ooutrols for bilge ‘pump manifold, 


rarely reach bilge water in the stern when the DUKW 
is fully loaded. An improved, built-in hand pump! 

1 was designed and recommended by OSRD in Novem- 
ber 1948 and was approved with some modifications 
in June 1945 but never got into production. 

It was recommended that all outlets for these 
pumps be visib'e to the operator so chat he may know 
whether the pumps are wosking and whether the hull 
is leaking. 

Hinged screens for bilge discharge were installed 
later to prevent foreign matter from dropping into 
the discharge pipes, and a simall conduit was added to 
direct wart air on the bilge pumps and selector mani: 
fold in order to prevent freezing in cold-weather 
operations, 


{See Table 2 .ti Chapter 4, 


and one line leading to pump under cargo floor. 


"Ficus 19, Gould pump with deipble chain drive. 
The final bilge purnp system (Figure 20) hus a total 
capacity of more than $00 gallons per minute — 
enough to cope with the water coming in through a 
3-inch hole in the hull. 
Hert Drain Vatves 
Since drain valves or dump valves as used in mili- 


_tary tanks had generally proved quite unsatisfactory, 


no such valves or sea cocks were instalied in the origi- 
nal DUKWs. Instead, the bilge pump intakes were 
located clase to the low point of the hull so that they 
would remove almost ail of the water. ‘This method, 
however, made the pump intakes too yulnerable to 
dirt in the bilge, and some water remained in the 
bilge at all times. Later, four drain valves were in- 
stalled with extension handles (Figure 21), one for. 
ward of the froat axle, one behind the driver, and one 


Fi.uae 20. Bilge system in final production unils, induding three suction snes eating to pump under driver's seat 
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Ficuke 2). Drain valve with extension handle (left), shown 
* with bilge auction cup (right). 


in each bilge behind the rear whecl pockets. All 
haadles can be reached without opening any hatches. 


Water SEALING 


Much study and testing were necded to devise 
means for keeping water out of submerged axle units 
and propeller shaft openings in the hull. Water aper- 
ations resulted in an anusual difficulty by chilling:'the 
air in the axle housing so suddenly that the resultant 
high vacuum would force water past conventional 
seals. To prevent this, vents were provided in the 
form of rubber hose leading into the hull, "7 | 

Double-lipped seals were installed on all pinion 
shafts, rear hubs, and pillow blacks. A major sealing 
operation was performed where the three drive shafts 
pass through the hull to the axles (Figure 22). ‘The 
housings which enclose these shafts not only seal 
holes in the hull bat also protect the shafts from ob- 
stacles and prevent entanglement with barbed wire 
and brush. These housings were modified several 
times to give increased clearances, stiffness, and ac- 
cessibility. 

A rubber sheeting was used first to seal the point at 
which the steering gear leaves the hull, with a deuble- 
lipped seal used on the shaft. A gasket with 2 clamp 
plate coated with sealer was used on later modeis. 

The rudder and water propeller shafts are sealed 
by conventional marine-type stuffing boxes. 

Some of the truck axle modifications originally 
ordered for the DUKW were later adopted for stand- 


ard CCKW trucks to enable them to survive the 
“wading” involved in amphibious warfare. 


LusRicaTiON 

The corrosive action of salt water on exposed beat- 
ings makes it essential to provide for frequent Aush- 
ing and lubrication, Graphite bushings proved inade- 
quate on control shafts and levers, making it necessary 
to add grease-gun fittings. ‘The pillow block, origi- 
nally an oil-filled housing, was impraved by incorpo- 
ration of provisions for grease-gun lubrication. 
ENGINE COOLING ; 

The DUKW cooling system. is unusual in that air 
is drawn from behind the driver’s compartment, 
pushed through the radiator, and exhausted through 
ducts on each side of the compartment (Figure 23). 

Some fifty different combinations of fans, radiators, 
shrouds, and ducts were wied during the develop- 
ment of this system. Beginning with the standard 
CCKW tuck radiator and fan size, the outlet ducts 
were enlarged, the shrotids improved, the fan in- 
creased in diameter, a fairing added ahead of the 
radsator, and the radiator uoved ahead and finally 
increased in size. Despite the added size of the fan and 
the reversed flow of air, the power absorbed by the 
fan is no greater than that absorbed in the CCKW 
truck—about 8 hp at 2,750 engine rpm, 

The fan, raciacor core, and air passages were devel- 
oped to proyide balanced cooling when operating 
afloat at the torque peak of the engine (1,200 rpm) at 
an ambient temperature of 115 F. It was Yound, how- 
ever, that cooling on land was between 5 and 10 de- 


Ficurr 22. Housings for rear drive shalts, 


CONFIDENTIAL 


eC 


DESIGN PROCEDURE 2 


ee rere ane a SSE SSE oe 


grees less effective, and this was rectified by installing 
an auxiliary air intake scoop directly.over the engine. 
to beopened.asnccessar. , during lant! operation only. 

Field operations indicated that the eriginal inten- 
tion was disregarded and that the auxiliary air intake 
was frequently opencd during water operation, the 
result either of driver forgetfulness of of the need for 
additional cooling which resulted ftom neglect of 
some other parts of the cooling system. Water inev.- 
tably came through the opened auxiliary air intake 
and tended to create serious maintenance problems 
in the engine and electrical system. Carburctors, gen- 
erators, exhaust manifolds, voltage regulators, and 
wiring all suffered. There were occasional accidents 
when the quantity of watcr would temporarily shore 
out the engine. Consequently, production of the 
auxiliary air intake was discontinued at the end uf 
the first year, additional specific instructions were 
issued to overcome temporarily uasstisfactory cocl- 
ing, and cooling was improved by more complete seal. 
iug of the het air outlet ducts, thereby reducing 
recirculation, ' 


HEATING SysrEm 


Frequently large bodies of water will remain open 
in freezing temperatures, and an amphibian operat- 
ing under these conditions must be protected from 
water freezing in che bilges and piping and from 
spray freezing on the deck. 

In the DUKW, the exhaust gir from the engine 
cooling system is used as a source of considerable Iscat 
for cold-weather operations, since the air discharged 
from this system is generally at 2 temperature of more 
than 150 F, even in extremely cold weather. This air 
blows into the forward compartment and ordinarily 
is then discharged through ducts at each side of the 
cab. These cutlets, however, are fitted with shutters 
which can close thera ww any desired degree; a canvas 
cover is also furnished to close the normal air intake 
grating; and, in addition, the cackpis Lauamings are 
extended below the deck to form a beating duct com- 
municating with the engine cooling air outlets. Tf the 
dampers on each side leading to these coaming ducts 
are opened, the warm air is forced back to warn the 
hull sides, the s'de decks, and the cargo compartment, 
and then is discharged into the stern comps tment 
and down below the floor ts warm the bilge (Fig- 
ure 28). 

Other heating lines, running frem the feft air out- 
let passage directly to the bilge putes and the for- 


Ficune 23. Diagrain of cooling and heating system in pro- 
duction DUKW. Intake (C) shown on forward deck was 
soon permanently closed in the Acld aad laver removed 
in production. 


ward bilge pump manifold, carry enough hot air to 
keep the pumps well above the freezing point. 

A defroster, develupod for both suraight and slop. 
ing windshields, uses radiator fan exhaust air coming 
from the right-hand air outlet duct in the driver's 
compartment. This completely demountable unit is 
furnished in special kits and is mot issued on all 
DUKWs, 

The battery is located in the engine compartment 
in order to receive cool air in warm weather and 
warin, recirculated air in cold weather. 


‘Times : 

The CCKW truck, the parent vehicle of the 
DURW, has 7.50x20 dual tires on the rear and inter- 
tnediate axles, with singles on the front axle. Vhis 
combination was tested on the first pilot model of the 
DUKW, performing relatively well 4 slippery mud 
but very poorly on sand. 

Accordingly, sand tests were run on a number of 
identical CCKRW tucks loaded ta give DUKW axle 
weights and cquipped with the following tire com- 
binations: 

1. 7,50x20 duals on rear and intermediate, singles 
on front—standard military snow and mud tread. 

2. 8.26x20 duals on rear and intermediate, singlcs 
on front standard civilian track tread, 
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Fiauay 24. ELOONIS8 tenm-ply desere tread tite: used on 
production DUKW. 


3. General 88-inch Air Cats, Hngler alles dia- 
mond tread. 

4. 10.00x20 singles, 12-ply~standard civilian tread. 

5. 11.00x18 singles, 12-ply—standard civilian tread. 

Ie was obvious immediately that neither the 7,50 
nor the 8,20 duals could compare with any combina- 


tion of single tires. The Air Cats gave the bese all. 


Biever U5. Alr pump used (central tire-t nflation systen. 
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around performance on sand and had low rolling re- 
sistance, but their great width made steering difficult 
and considerably reduced both maximum turning 
angle and water speed. ‘They were also reported ta be 
vulnerable to bruising and rim cuts, 

The 11.00x18 appeared to be slightly better than 
the 10.00x20 and was finally adopted with 16-ply 
construction and desert tread (Figure 24). This, of 
course, entailed the production of special wheels, 
rims, and beadlocks, 

_ An important result of these early tire tests was the 
doctrine of a particular tire pressure for a particular 
terrain—10 pounds pressure for soft sand, 30 pounds 
for coral, and 40 pounds for hard roads. Ampk field 
¢xperience later indicated the validity of this original 


doctrine, with the amplification that very-soft terrain 


may require a pressure as low as 5 pounds. | 


Contrrocasce CenTRat Time INFLATION System 
To take advantage of these different pressures, it 


. Was necessary to provide an engine-drivea, engageable 


air pump, which was made standard on all DUK We 


(Figure 25). ‘Two extension hoses were supplied 50° 


that two tires could be inflated at the same time. The 
use of this simpie equipment, however, made it neces- 
sary to stop the vehicle and, under combat conditions, 


_expose personnel to enemy fire. Accordingly, in July 


Foun 26. Early proposed hub arrangement for central 
tive-Inflation control. 
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1942, OSRD requested an investigation of centrally 
conwolled inflazion systems which could be aperated 
from the driver's position while the DUKW was in 
motion. 7 

At first, tests were conducted on a single-hose type 
with a two-way Valve in the stem of cach tire (Figure 
26). The valve is opencd by engine vacuum for delat 
ing and by the tire pump pressure for inflating, Air 
enters chrough the externa! end of che hub and passes 
from a rotating hub gland through a copper tube to 
the tire valve, Uhe tire valve is actuated by wire. This 
system was abandoned because the deflating air up- 
sets the intake manifold vacuum. 

The secend system, also a single-line type, works on 
the same principle except thar the es aping air in de- 
flating is released to the atmosphere, and the valve is 
moved from the tire stem to the hubs amit and actu- 
ated by a cam-eperated bell crank. 

The third (Figure 27) involves a two-line system, 
with pressure in one tuc for deflation and in the 
other for inflation, together with a housed, wire- 
actuated valve-in-stem. a3 itd the first design. 

AU chrce of these sysecrs, having individual valves, 
“fail safe’’-that is, pressure is maintained in the tire 
even if the hase is torn off. None of these proposels 
waa found sufficiently practical for ase, 

The Sat systeni, which was actually put inte pro- 
suction, isa sitigle-hose type with tire valve cores re- 


" Picunn 37. Proposed ‘two-dine syne, with housed, wire-actuated valve-iastexs, 


\ 

moved (Figure 28), A permanent ait linc leads to each 
tire through a rotaung gland on each hub (Figure 29), . 
permitting the driver to vary the pressure from the 
dashboard while the vehicle is in motion, either on 
land or affvat. All cires thus have cqual pressure auto- 
matically. Vhe system (Figure 30) includes an air 
pup running constandy with the engine, an alr 
tank, a gage, a pressure regulasor, a control valve for 
inflation and deflation, hase for emergency ue ar 
for inflating the tires ef other vehicles, and six valves 
with which the driver can shut off the line te aty tire 
(Figure 31). If an extertial line is damaged, the tite 
connected to it will ge flat. As a safeguard to the re- 
tnaining Gres, any one line or group ef lines can be 
segregutcd from the system by these internal valves 
operaicd by the driver, Vhis system makes an ordi. 
nary tire fairly “bullet-proot.” For example, 28 -15- 
zaliber slugs were fired) inin a tire which, tached ap 
by the compressor, maintained satticicnt presure far 
orclinasy use. 
Brakes 

Constantly subrucrged duniz,g Watcr operation aud 
perindically flushed ‘ith sand and salt water during 
surf and beach eptiation, the wheel brakes an te 
DUKW required considerable nodification. The 
brake drums were mounted on the outside af the 
hubs co fac ifftate maintenance, Brake cylinders, end 
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Fuan 28. Single-hose, central tize-taRation arrangement sdopted for production. 


caps, and adjusting «rews were plated with sinc 
chromate to resist corrosion, Brake return aprings 
were rustproofed and the hooked ends improved. 4 
search for a more auitable ee led to the ee 


Ficting 29. Cutaway of rotating gland wed on each ful 
in final central tire-infladon syitem. 


of Thermoid 908-B composition, which represented 
the best compromise for stopping with either wee or 
dry brakes. - 


SUPERSTRUCTURE AND SURF PROTZCTION 

Early surf trials disclosed serious inadequacies of 
the superstructure, including the windshield, deck- 
mounted accessories, and cargo cover supports, First 
to fail under severe surf impact were the windshield 
and the surf place: windshield frames bent and glass 
cracked, while surf plate braces bent, hingvs core 
loose, and plywood splintered, 

A temporary held modification kit for the wind- 
shield was first designed for visibility over its top 
edge, but the surf continued to smash the partly ex- 
posed glass and to bend the metal (Figure $2). ‘he 
modification kit was revised to extend full height, 
with peck holes for the driver (Figure 34), and this 
gave adequate protection. In the meantime. the wind. 
shick? was redesigned and sur-tested, resulting in the 
sloping front and side panels finally adopted (Figure 
$4), 

The first surf plate (Figure 35), made of unrcin- 
forced plywood, together with its piano hinges and 
brace rods, similarly failed under surf impact. The 
plywood plate was finally replaced by a reinforced 
steel plate, the brace rods were strengthened with a 
reinforcing channel, and the plano-type hinge was re- 
placed by four heavy hinges (Figure 36). 
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The cargo bow, made of ash strakes joined with 
light sheet-metal stampings (Figure 37), likewise 
failed in operation, collapsing when hit by heavy 
surf. Ridge poles were issued as a temporary field 


modification, followed immediately by the substitu:. 


tion of an all-steel, tubular bow, strong enough to 
withstand surf impact (Figure 38). ‘This new bow waz 


" sealed to make it float if lost. overboard. 


Since heavy following seas would occasionally roll 
over the coaming, it was raised at the rear and 2 ply- 
wood closure with side wings was added to resist the 
surf impact (Figure 39). The plywood structure, how- 
ever, proved to be awkward and rarely needed and 
was replaced by a canvas closure (Figure 40). 

In the initial design of the DUK W, no definite pro- 
posal was made for hull provection at shipside except 
ior the specification of 12 fender eyes placed at ran- 
dom. Field tests soon indicated that more adequate 


of 2 


Dashboard controls for central Ure-inflation 


Fictne $1, 
system, 


' 
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Ficune 50. Central tire-inflation control system, including air pump, alr tank, gage, control valve, and cmengeticy hose. 


Ficune $2. Effect of sarf impact on windshictd reinforced 
with early field modification bit. 


Futnr 58. Peephote windshield cover used as later field 
modification. 
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Ficens 36. Final production windshield developed to 
withstand surf impact. 


protection was necessary, and the original fender eyes 
were relocated and the number of fenders incre:sed 
from 6 to 8. A system involving the use of 6x24-inch 
marine rope fenders was standardized, and the addi- 
tion of a recommended ninth fender was approved. 


Piet ee $5, Firat sinf plate made of aareinforced ply wood 
and cured with piano hinges. 


Factuy 36. Final steel surf plaze with heavy hinges and 
vaproved brace rods. 


(This ninth fender was never issued.) The final pro- 
duction fender is a coir fender which can occasion: 
ally be worn out in approximately 1 day of opera- 
tion. Although OSRD recommended in January 1943 
that this be dropped in favor of a continuous rope 
fender in a chilled steel collar built in to follow the 
edge of the hull, the Army considered that the gains 
from this modification would be more than offset by 
the disruption to production, and turned down the 
change. Later experience indicated that the disrup- 
tion in the field caused by the lack of this modifica- 
tion was no minor matter: the coir fenders were in- 
herently unsatisfactory, the specified quality of the 
material was constantly revised downward, and the 
resulting maintenance problems were tremendous. 
A sigmificant number of DUK Ws suffered series hull 
damage because of these inadequate fenders, an un- 
necessarily heavy load was placed on maintenance 
crews, and the total cargo carried by some DUKW 
companies was drastically reduced, 


Lirrine, Davi, AND Moorina Eyes 

Experiments were made with lifting slings adapt- 
able to ship’s boom handling and to ship's davits. 
Four lifting cyes were welded into the side of the deck 
and a set of davit eyes incorporated. Field tests indi- 
cated a need for a mooring eye, which was added 
amid i.ips on cach side. 


Wincu 


The DUKW winch is similar to that on the CCKW 
truck except that it is located on the stern with lead 


Ficrrr 47. Steel-jointed wooden cargo bows defa med by 
suf impact. 
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holes installed in the rear coaming and below the 
windshield, together with a fair-lead un the bow, to 
permit the cable to be led out either forward or 
astern. For better maintenance, the hole for the shear 
pin is made slightly larger and in fater models the 
hatch in the rear deck is reversed, making the shear 
pin more accessible, 


Sanp ANCHOR 


Tests of several types of anchor led to the selection 
of a 70-pound Denforch lightweight marine anchor 
for use in enabling a DUKW to free itself with its 
own winch as well as in anchoring at sca. This self- 
burying anchor is furnished as standard on all 
DUKW units. 


Fiuuee 39. Rear plywood! clomire used in early models. 


Ficuar $8. Final all-stee) bows. 


On-VenicLe EqurypMent 

In addition to equipment already discussed, the 
DUKW carries a large assortment of tools and spare 
parts, Initially there was little precedent to suggest 
what should be carried, but field tests and early cacti- 
cal use quickly indicased the most necessary items, It 
was realized that if the DUKW were to be an im- 
portant link in the establishment of a beachhead, it 
should not be handicapped by the absence af neces- 
sary tools. Also, since there would be no repair facili- 
tivs{ sain. tu ve after a beach landing, certain spare 
pasts should b. carried on every vehicle. 

Asa resuit, pioneer tools, fire extinguishers, canvas 
buckets, s boat hook, and a large selection of hand 
tools are included as on-vehicle equipment. Spare 


Fiecer 40. Rear cansas dosuie used in later models. 
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Faas 42. Side view of ISH production DURW. 


parts include gaskets, drain plugs, midder and winds 
shear pins, distributor parts, brake hoses, bearings, 
tire-inflation parts, pump chain links, set screws, keys, 
a hull patch plate, caulking compound, wire, tape, 
and sandpaper. 


a4 TEST PROCEDURE 


Routine testy for performance and reliability were 
conducted during the early part of the investigation 
on the first pilot models and also on various compo- 
nents and proposed design modifications, 

Measurements were wade of manenvernbilitv and 
speed on land and in water, ec ononny, stability, grady 
ability, and general performances. Move of these tests 


s 


Paver 1. Brow siew of 190) production BERW 


were conducted at Crystal Lake, Pontiac, and at the 
General Motors Corporation Proving Grounds: at 
Millord, Michigan. Special surf tests were conducted 
on beaches in Virginia. Massichusetss, North Caro: 
Jina, and California, and tests aver cond on the Flor- 
ida Keys and later on Funafuti. 

FB hroughaut ali seats, crglie performance wits care- 
Sully noted so that some temporary dhuctusttion would 
tat lead to false conchaions on the eficiency of hull 
design or other components, 

Av noted above, major bull design changes were 
Masdied otf scale models in towed and self-propelled 
Tesss. 


a RESULTS 


R44 Design 


‘The 19-44 production model of die DU KW is Thus 
trated by Figures Mio 4h while Table Lindicates the 
major ditercuces between the first cab-over-engine 
pilot model bude in T9t2 (in 38 dave from the “go 
ahead” order to the date on which is was driven out 
at dre shop for eld tests), the POEL production 
DURW, and the parent CORW crack.! 

Mach help in the developmen of ibe DUR was 
devived fram: dis dare that many basic profitenis fut 
alscady been solved is the vomvension of the i4-ton 
jeep into its anphibious counterpart.Ufa the DURW 
progam, building wound a well developed basic 
anit made jr posible for more than two-thirds of che 
parts te be incarporaicd as items welll pave the devel 
opment stage and already of proved field retiabitity. 
Vhe original basic design proved to be sound, and no 


38ce Chapter 2 in his volume, 
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Fiauxe 43. Front and side view of 19.14 moduction DURW, show ig shape of bow, 


Tears 1. Comparison of Specifications ef 112 PHot Model 
BUARW. 191 DUEKW. and 194 CCAW. 
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Lanb PERFORMANCE 


Pilot In many respects the TE DUB amphibian can 
Model ult : Watt cqatal, aid in some cases SUPpass, the performance ol 
Oe Se i cee ER BERS 2 CCR ale comparable IH CORW ouck (Pable 2). Each 
Over-all length (inp SHR 472 270% vehicle hay roughly the same maximum speed and 
3 rT i i) sos : . . 
Over albert Gh) 7 os » Minima turning diameter: the angle of approids is 
Over-ulbheight top and : nea és 
winelshield up (in) ws 106 low, Breater in tthe DURW. the angle of departure is lev, 
Over-all height - top avd and the DURW can negotiate slightly lesa stecp 
ear abet on on eee ta a a grades becuse of its preater prow weight (Figure £4), 
acd ase Cnn, i Y 3 4 - 
Ground clearance cin.) 7 Ia iT Numerous field tests showed that the DEURW can 
Tread —font (in) HOT , 37% WI2, operate successdully on hard roads and sand (Figures 
Pread rear (inv. 8714, 63% A7he 16.47, and 48). For sand operation, tire pressure be. 
Cargo floor area tay fay 78 45 au 


fine sive 
hanging displacement 


7 SN 20 


ELOON IST 750N20* 


(ett ity) 209.5 260.5 269.5 
Net engine horsepower 
C274 pany aS, Lay 08 
Weight bight (hy 134K) 11x80 10 
Weight of dviver lbs 200 woo zo 
Pavload i) 7 AMM) 440) ARK 
1G [ty 20.081 


Weight fuaced db) 


* Daal tives. res and iastermectate wire ds. 
+ Single tires thoouphertst 


major changes became necessary. OSRD. however, 
exerted the preatest powible pressure to climinate 
those faukts which, however minor, could neverthe- 


less Cause a vehicle to aborts 


Réor a scion of these nedihowons. sco Chapter fou 


this volume 
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LapLe 2. Comparison of Performance of 1912 Pitot Modet 


Pilot 
Model 19ft 1Sif 
DUKW DUKW CCKW 


Manion land speed (2.750 pm) 
(in mphy 


Reverse--low 2 3 2 

Revetse- igh 6 7 6 

First low 2 $ oe 

First--high 6 7 6 

Second low 4 f 4 

Second-- high 10 il 10 

‘Third--low 4 10 9 

‘third~high 20 22 20 

Fourth (disect) low 16 18 16 

Fourth (direct) —high 37 40 a7 

Fifth (overdrive)—low 20 22 20 

Fifth (overdrive)-- high 45 50 45 
Maximum water speed (mph) 

Reverse I 25 - 

Second 54 6.4 - 
Minimum turning dlameter-—land (ft) 

Left turn 6814 70 6814 

Right turn 6814 G84 68Y, 
Minimum turning diameter--water 

(ft) 

Icfttun 110 40 - 

Right turn 5 iw - 
Angle of approach (deg.) 3H 38 31 
Angle of departure (ieg.) 28 2 36 
Maximum giade ability (4) 0 60 65 
Crofsing range, full throule—land 

(apptor.) cnites) 250 250 275 
Cruising range. full throttle —water 

(aporox.) aniles 82 40 - 


Faves 44, Find pilot model DUKW diimbing 60-deg. « 
grade at Milford, Michigan. 


comes of particular importance: a pressure of 80 to 40 
pounds causes the tires to dig in, while a pressure of 
10 to 12 pounds lets the tires obtain ample traction 
(Figure 49). 

Operation on Coral. Even after military interest in 
the DUKW was well aroused, little thought had been 
given to the problem of driving this vehicle on coral 


Ficure, 46. Dx-ert tread tires, correctly deflated, enable 
DUKW to climo sandy hills... . 


Fiewrs 48. .... . . and go down the other side. 
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Ficure 49. Diagram showing effect of tires in soft sand when they are deftated to about 10 potinds (left), as comparedt 


to tires at 30 pounds (right). 


reefs, which front approximately 85 per cent of the 
shore Jines in tropical Pacific waters, If DUK Ws were 
to be used there, it was essential to learn how success- 
fully they could be operated on such reefs, 

Accordingly, in February 1943, OSRD conducted 
a series of tests with two DUK Ws on various types of 
coral in the Florida Keys. ‘hese tests proved conelu- 
sively that, if a special coral-driving technique be 
caretully followed, a DUKW can be run alma in- 
definitely on the worst coral without serious damage 
to the tires or hull, and without additional wear at- 
wibutable te coral (Figure 50). 

Brieily, this technique involves the use of the low- 
est possible speed, considerable skill in selecting the 
best availabic route, and a tire pressure of 30 pounds. 
This figure was determined after a study of the effects 
of coral on tires inflated at various pressn es, With 
too high pressure, it was found, the tire develops 
bruise breaks because of the weakness of the cords 
in the ply when under heavy tension. With too low 
pressure, the tire walls develop rim crushes and also 
sag so that they are exposed to shearing cuts. At 30 
pounds, the tire is sufficiently soft to absorb the jabs 
of the coral poiuts, and yet is firm enough that it is 
not forced against the wince! tint when passing over a 
sharp lip. In fact. when a DUKW is operated by a 
well-trained driver, the tires will reccive less damage 
from coral reefs than wil] une tracks on a track-laying 
vehicle. 

On the northern beacies at Okinawa, DUKWs 
were obliged to traverse several hundred yards of bad 
coral many tines a day for 4 months, As a cesult of 
OSRD taining and supervision, the drivers: olowed 
the standard operating procedure for this terrain and 


thereby prevented any increased tire wear atuibut- 
able to coral, 

Alternate Gear Combination, During the early 
phases of the development, it was felt tha: more elfee- 
tive power was needed to improve beach perform. 
ance. Since the engine could not be readily changed, 
an alternate gear combination was considered in 


Fitas 50. DUKW thes at $0-pound pressure successfully 
Cross coral in tests on Florida Keys. 
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Fic 6. Mirani aati dismeter in wa ct ix 74 (0 110 feet for 1982 pdtot model DU RW, $0 lect for production 
inode) shor here, 


order in give lower ratios with the atherwise standard 
transmission. 

‘Phe app oxinnee comparative vaad speeds ta be 
obtained with dhe wo by pes is shown in Vable 3, with 
power in approximately inverse proportion to the i 
dicated maxima spices: 


fame Mosiinues Load Speeds mph) af 2.758 Engine up. 


Sound COBY Proposed “undenbive” 


nye awe 

Gea High tow High Low 
Ath 5b 22 w in 

tae lu in as it 

Seal we tt) oh 6 

fut tt ° u 4 
iu 7 3 5 a 

7 3 7 3 


Reseue 


Mibough the recomended alteration was not ap: 
proved lor reasons of production, maintenance, and 
driving siapticity, and because the change in tires 
gave bnproved sand performance with the CCKW 
Qansmission, die wisdom of this decision was later 
«questioned, 

fu retrospeet, particularly in view of the heavy 
averloads which were habitually carvicd and the in 
cused hall weight i appears thal dhe vonstandard, 
“asclordrive” (rananission would hase beet mare de- 
stable, The CCK W shitt patiorn is unnsual and rela 
Teh Mesnvenient Phere would be jew spread from 
the pitio of secon) ypecd to yeseise. he fewer ratio 
second speed weeth) Grequeaty obvine Ue necessity 
of nying fist speed, except when the vehicle is stack. 
The lower rate Unainision would pros ine specds 
bene suited te the majority of landing oprtations. 
Ashough the present Gansinission provides a thea. 
tele top cagd speed of AO agli (his is practicdly 
never used ander held condintears, 


Ware PERFORMANCE 

‘The water speed af the DURW, greatly affected by 
the resistane ¢ of the batt and the various appendages, 
was increased by abaut 30 per cent as 2 result al de- 
sign improvements, la preliminary tests, che miaxi- 
min speed was 5.0 mph. Decreasing the size of the 
propeller increased it to 5.35. Reducing the power 
requirements of the lan, mtwoducing Gown draft car- 
buretion, tuning up the engine, and adjusting the 
valves brought it up te 5.75. Adding (8 inches ta the 
stern and moving the propeller 15 inches astern in- 
crvased it to 6.3. Providing covers for the front wheel 
houses increased it to 6.4. And, faualy, improving Ure 
propeller and drive ratio brought it up to 6.5, 

A further increase of purhaps Qf usph could the- 
orctialy hase been obtained by using a retractable 
propeller, but it was fel thar the actual net average 
gain for a DUKW feet over a period of time might 
be ul, as a resale ot the probable Trequency of dani- 
age to the blades. Further incesses up to O04 mph 
caudd theoretically have been made by omitting the 
governor, using a slightly diticrant shape ot propeller, 
and adding addition: faire. and covers, but these 
changes would have invelsed too many mechanical 
and opening dilicslties, 

Yhe turning circle at the production DUKW in 
water-about (0 feet is Reger aban that of some 
other handicraft, but is or excessive for marca: 
serabiliny (Figure 5b). 

Sof Perjormancer. Many field testy prosed the 
abiliny of dhe DURW to negotiate quiet lake water, 
open sea, urd sarl When the vehicle is operated ba 
auained driser, i cau get tough a surf up fo $5 
fect high, and ta costs has gone through surf so.ne- 
what wore than 26 feet high without diffiulty. 

‘The DURW was tepeatedts found te be inherently 
stable in die sak, les center of gras ity is low, hargels 
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Fieve 2 Series of photagiaphe of laden DEBW pencirating U-toot combes an sterp to Leach at Montgy Rav. 
California showing vu tapld tae af ben dae te vhape and huotanta of ben eetiens. Pant pict. shone cate 
moattered. Amount of water taken abou fe ented bs pussys in about Tuite, 
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Proves $3. Scties of photugtaydis showing ladies DURW stonding ont though anlid abiesrcak of 15 fost combicr any 
weeps-cal beat at Manierey fay, California, Course is dedibes ately somewhat diagonal snd ig caatterer). Speed is tons 
purity tedted fom about f snots te abran f knot. 
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Ficuas 54. DUKW suit ability tested in moderate surf at Monterey Bay, California. 


as the result of the location of three heavy axles 
below the bottom of the hull. Its deck weight is light 
and. its cargo rests in a relatively low position. Its 
hull has extremely full ana well-balanced ends. Dis- 
placement is large as compared to freeboard and, 
as a result, the DUKW can go through a wave which 
would knock 2 lighter boat toward the beach, 

When the DUKW lands with the surf, the hull 
resistance created by the numerous appendages holds 
the vehicle dawn to a safe speed. It seldom goes very 
far on one wave, although in extreme cases it has 
gone somewhat more than 100 yards, Rudder stcer- 
ing is used during a landing, and the front wheels 
provide some steering when the propeller and the 
rudder may be temporarily out of water, The low 
reserve buoyancy minimizes any tendency to lift the 
rudder or propeller, As shallow water is reached, sta- 
bility is derived not only from the fact that theve are 
wheels slong each edge but also from ihe ability to 
steer at cach cnd—with rudder in back and wheels in 
front, 

The major surf tests were conducted off Kitty 
Hawk, North Carolina, on June 25, 1942; near Prov- 
incetown, Massachusetts, in November and Decem- 
ber 1942; off Virginia Beach, Virginia, in January 
1943; anv ff Fort Ord, California, in January and 
March 1913. 

Off Kitty Hawk, the tests were run on the first pilot 
model in a 6-foot surf, The engine ignition system 
was not water procfed, the cab-over-cngine structure 
exposed the engine, an the steering was inadrxjuate. 
Asa result, the DUKW came broadside to the surf 
and the engine was drowned out, but the DUKW 
Was not swamped, It was retrieved and driven across 
country to Pontiac, Michigan. 

Tn the tests at Provinectown and Virginia Beach, 


an improved model was used in a 7-foot surf and op- 
erated quite successfully, making repeated trips in 
and out of the: surl. Major failures were the wind- 
shield and bow surf plates. 

At Fort Ord (figures 52 to 54), DUK Ws with atill 
more improvements were used in OSRD-supervised 
training in 15-feot surts and, in tests, in higher surfs, 
and again operated successfully even under these 
conditions, Windshield, bow surf plate, and cargo 
bow failures stil] occurred but were finally mini- 
mized by modified structia es. 

Possibility of Strategic Stufrise. ‘These tests and 
the improvements they brought forth soon became 
of paramount tactical importance, since they made 
it possible for the DUKW to be used in a surf so 
heavy that no other amphibian or boat could operate. 
Both American and British Services were thereatter 
repeatedly urged to plan operations around this abil- 
ity of the DURW and ta land at places and in 
weather which the cnemy would certainly consider 
impossible for landings, thus achieving tactical and 
possibly strategic surprise. - 


as ACCESSORY EQUIPMENT 


‘Lhe mechanical development of the DURW was 
accompanied by the conception of several special 
missions for which the new vehide could be em- 
ployed. In many of these cases, special equipment 
was designed and constructed to facilitate loading 
and unloading the DURW, to cnable the DUKA 
to ferry tanks and Wrucks, and to adapt it to combat 
operations. In some cases, the equipment was de 
signed but, because of changing: military require 
ments, not investigated further. Fa others, the 
equipment was designed and built but not approved, 
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at appraved bre aot patin productions, or puc iat 
production br never deHvercd ta the farward areas. 
(see Chapter b) 

Ta the cae af such al thow niisions ay were carried 
natin the beld, standard aporating procedures were 
developed an the spot iv collaboration: with the 
Set vices, 


oa Cargo-Handling Equipment 


A-FRAME 


In November (942, a trtical doctine was de- 
vctoped wherchy GUKWs woald carry (G3-nu0 ho 
witvers fropr ship to share unload Creu by Ateames, 
and tow them inte battery position, Fite firse sti 
A trane was improvised in the field far the Province: 
(own, Massachusetts, dentonstration (see below) fran 
cedar Cinhers with temporary stvel fittings (Pigare 
9). Vhis was soou impreved asd an A-frame made of 
round steel cobing went inte production (Figure 56). 
few of these production A-iscines scached cambiar 
areas dy the Europerte and Mediterranean theaters 
before V-E Day, boweve,. and the fines actually 
tased ia those areas had te be dasprosived en the spas 
from whatever snaterials were at fan, 


Parstis asn Pai hbatern Loan 


dsauhy jo abiin masini ose of the BUR W 
Gage spice amd to facie cargo hassling. a 
DUR W padlor was designest cues py 1013. Chis palter 
convivied of a wood plivtorn with canvas webbing 
sides to cantadi the Gogo and a fourparr soho sling 
ona Witting sing, Later, sie webbing wav alniest 
nnobaable, i way replaced by rape net 

Forts pooved dhat tha pallet was ob vere help te 
DURW onge handling apeations bat it rcceived 
only Hitde Grerest. Lr apite ot its advantages, it was 
chaborate aid buths, and i dh did get satse tivo ot 
the nain probleme: easing the burden ob ¢srgi-haa- 
cing pepenich ac the dup asthoading point ane 
speeding up the How ot carger dig the asazale 
phase at at: anaptibiats aperaticn 

At thi thine, however, saaie datcrest was Leing 
sbowit in the paetivation of certain await carga, 
steht ay fiekd iadons and ammamition, by secaring 
in with steel s@appings ta a weoden  platfoon 
sseatiaitest ont piasecas, Palleted boads comfel be nade 
pat the ports e. Gniback ation ow even at the far - 
lovies, waking i persil’) te sae iispewes snd 


time in the forward areas where these factors were 
moat VRh, 

Tn several operations, a Himited amount of pallet- 
ized Gage was used with great anccos, but this was 
strongly opposed by the Naty because the bulk al the 
pallet isch reduced ihe amount of supplies that 
cauld he carried ina ship, With the greater avail- 
abdiny of shipping in W944, however, mare demands 
ter palletized loads were made and in the Kwajalein 
operation the majority ul rations, ammunition, and 
fuel were palletized. 

“The ditnensions af the patechad bee set at 48x72 
inches, but these were not ideal since only twa loads 
could de fitted inte the PU RW cargo space. Another 
objection was based on the excessive aisount of wire 
cable required toa make the two stings for tilting and 
towing cach load, 

Accordingly, a new pallecized foad was devcloped 
by OSRD at Gaba carly in 1945. This fod had over: 
all dimensions of 44x76 ine bes, which enabled three 
loads to fitintoa DURW, ft owas found, dncidentalty, 


Fae 44. Eimergracy S fame improvisgd fom codar 
Rabers tar demimnetation at Provinccionn, Mase 
cbaprsts, 
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Praca 56, Steel bing A-frame adapted for production, 
sbown bee with jsuprovised cnriggens attached 0 
DtKW to provide adeid stability far “0 Caning” afloat, 


tbat these dimensions were alo beder suttedt to a 
variety ef other carrion, such as the 214-ton track 
aud the LV IEC). To disponse with permanent slings 
on each load, Sifting eyes were fiited as each of the 
four corners, making it possible ta fift the lead with 
a four-part sling which was utihuoked and rentained 
on the virgo hook (Figure 57). 

A vatiety ef supplies palletieed in this inaaaer 
were demonstrated an Oahu to staff representatives, 
and the system was approved by Headquarters, Uf, 9. 
Ameed Forces, Yactly Occur Areas, and: late by 
Headquarters, Aviy Fovees, Pacific. [0 was not pit 
into use, however, before the cud of World War Tf. 


“PRANSTER Riis 


When DURKWS began to operate ont kage scahe 
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doa ee AT Beeb ager Seog dea aaa Db at 
Chalet wide waht faa pad sting 


Quis tis tc ticded a take Ha ate at tat, a High 


Sitio oe phations, andor Shams coe ae Fan drach, 
Tithe Negri handling, a cer al eet chose a gen ad 
Tramter tigs were pacd ae a beege te oobi adtelite in, 


on big [snd iiatses, it was fom dag then anaphibi 
ous values were alten being fargely wanted andl, yatt- 
tictharly whew the unloading paints were pare Hien 
4 or Soniles inland, the amphibians were sponding 
most af thei: opcrational tau ay Tine trucks, br 
SRR Ctacs, IND OXcesive traurber af DISAVs waa te 
suived to majniain a cade shich would net cause 
delay in getting the Carga off the ships. 

Carequenily, a atancid: operating procodue 
was developed, based on the use af a Qansfer poiiss 
sytem se that daads could be wantiencd fen: the 
DURW tea lane puck dase to the OPTRA kincbur 
point and the tracks then ued to make the Jory 
had, Seural pes of ranster vig were used. the 
cotmnoucst beityg btan uebile cones and DER 
A-Daines (Figure $4}. DURWs deadiined for uwates 
eperaden bette of propeller or hell dicmage could 
be used ay transfer rigs so that seaworthy DUKWS 
wonld nas be tied up. 


Sette OF Medode a rane bits cry tis BY Me siege 
Tasted pg aed ai Saifrares Bact 


CONPEDRA DIAL 


“ THE DURW: ITS DEVELOPMENT 


Frou 59. ‘Cranster rig arangements used to transter cargo from DURKWs to wucks in Nogmamdy landings. 


a steel pipe platform developed by the ‘fransporta- 
tion Corps was service-tested at Qmatta Beach. At 
Okinawa, this standard operating procedure had be- 
come accepted and land hauls of more than 2 miles 
were made by truck, (See Figure 59.) 


baa Ferrying Equipment 


During the early part of the development pro- 
gram, considerable emphasis was placed on the de- 
sign ancl testing of many types of ferrying equipment, 
Particvjar interest had been expressed by the Chicf 
of the Armored Force in the possible use of DUK Ws 
te take light or mediunt tanks from shipside across 
waict, sand bars, and coral yeefs to a beachhead. Ac- 
cordingly, and as part af @ systemiatic exploration of 
all ficlds in which DUKWs might be useful, tests 
were carried out with various types af cargo and with 
various types of ferrying equipment. 

“Dhese were never exploited beyaud the experanen- 
dal stage, because beer menus for daing de same 
thing were developed by the Arined Services. 


Wet Ferry 

Preliminary analysis indicated that a pair of 
DUK Ws should be able to ferry a light tank vhrough 
water without diffia...y, With twa DUK Ws forming 
a catamaran, being held in position with compres 
sion struts at the decks and tension cables crossed 
from the lowest corners of the hulls, trials were con- 
ducted in a fairly shallow take at the General Mo- 
tors Proving Ground in September 1942. A light 
tank was equipped with necessary sealing devices, 
attached to the DUK Ws (Figure 60), carried across 
the lake ("igure 61), and discharged on the other 
side (Figure 62), 

Later, at the request of the Ordnance Department, 
similar rials were made with the medium tank, first 
in a lake and then in deep water. In the final trials 
off Fort Story, Virginia, preliminary runs were made 
with a dummy tank—four lange water containers 
with quick-action dump valves. When thes boxes 
were filled with sale water, they and their supporting 
platform weighed about 42,000 pounds, which rep- 
resets approximately the negative buoyancy of the 


Fievar 66. Light tank Aelug connected to (wo DUR Wy for wet fetsy actoss Gloga 7 abe a. General Motors Corporation 
Proving Grourts, Milford, Michigan. 
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Wicuar 62, Wei ferry completed: hight tank climbing to dry Jand, 


medium tank. Sea trials showed the NUKWs could a mile offshore, hoisted aboard, lowered again, and 
ainers handle this load, but with little reserve bucyancy carried back to shore (Figures 61 to 67). 

boxes (Figure 63). ; Since the reserve buoyancy was dangerously Iow, 
orting A waterproofed medium tank waz then auached however, a serious leak in any onc of the three units 
h rep- : to the DUKWS, carried to a ship standing more than would have been disastrous. ‘The lack of freeboard 
of the 
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Ficvxr 63, Rehearsal of wet ferry aff Fort Story, Vitginis, with boxes of water as test load. 
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Pictar 63. Fersy and tank nearing chip more than | mile ofishore. 


fuses: G6. Fick at ferey vide: sank at ship's side and sting Fees 67 Tauk leaving DUKA ferry on way i ship's 
sreacde fast. deck. 
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Fwvar 68. Catumarar. und treadway for diy ferry. 


would generally limit operations to relatively smooth 
water, with a maximum wave height of about Z to 3 
feet. The project was ultimately dropped. 


Dry Ferry 


Is soon became evident that nonsubmerible ve- 
icles and goods could be ferried over deep water by 
using platforms or weadways erected on the same 


ONIN) ROE ash 
Sh ‘ 


catamaran rig used for wet ferrying, Several types of 
weadways and loading ramps were designed and 
tesicd, with the bes design providing along loading 
ramp with the pivot point amidships so that the load 
is shared by all axles. The DUKW winches are used 
to raise the ramps, which then lock to front deck 
pinde hooks to form the sea-going platform, 

At sea trials off Fort Story, Virginia, the improved 


Frovay 69. Auny a6 truck backing Up treadway foc thy ferry tent ctf Fort Stow, Virginia. 
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Fiaume 70. ‘Viack af sea in test of DURW aly ferry. 


Pieter 71. Platfoun ferry vequiies simple equipment ger 


etafly available in field. 


Fever 72. Platform fery cntcring water. 


tig was used in one test to carry a 6x6 truck from the 
beach to a ship standing a mile offshore (Figures 68 
to 79), in another to carry an armored half-track, and 
in a third to carry an M-3 light tank weighing about 
28,000 pounds. Reserve buoyancy was very low, 


PLATFORM Ferry 


Asa field improvisation, a platform was built across 
two DUK Ws, which vere then rigged together with- 
out use of special pindle books or reinforcements. 
The vehicles were lashed together at bow and stern 
by cables and turnbuckles, separated slightly by 
spacer blocks, and then used to support a platform 
laid across the cargo coamings and stabilized by 
timbered rails and cross rails secured to lashing eyes 
in the cargo space. The platform, which was designed 
and built in 3 days. successfuily carried an armored 
half-track truck in deep water (Figures 71 to 72), 


AIRPLANE FERRY 

In September 1943, after the DUKW had been ac- 
cepted and used routinely for cago carrying, a re- 
quest was made by the Army to adapt this vehicle for 
ferry ing the P-38 twin-engine and the P40, P-47, P-51, 
and P-63 single-engine fighter planey from ship to 
shore. 

The basie catamaran construction, similar to chat 
usect earlier in the wet ferry for tanks, was employed 
in this new assignment, but with a greatly merease | 
span necessary to accommodate the airplane's land. 
ing wheels, For structural reasons, the plane was sup- 
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Fuaer 78. P-38 Gghier plane sawed on ship's deck with 
wing tips removed, 


Fucuae 75. P38 secured on DKW fessy. 


ported in troughs sccured to the sides of the DURW 
hulls. Phese doughs also acted as ruuways for rolling 
the plane to the staan, where specially designed 
ranps continued the weadway tu the ground, 

Wah the 2-38, it had been believed at first that dhe 
plane could not be saicly foaded or unloaded with its 
wing dps in place, and these were removed for the 
fest tials (Fipnies 73 to 77). Later dials showed that 
a berter procedure isto moor the DUR W's stern to 
the side of the ship, and in iis position, since wing 
span is not citival, the wing tips can be tft in place 
(Figures 78 and 79). 

These tote indicated that not only the 38 but 
abs other fighter planes could be ferried successlully. 


Ficum. 34, P-24 heing lowered lo waiting DUKW ferry 
off Hampton Roads, Virginba. 


Tier at 77 P Sa radtiny dense cep tate iste alee PURW 
ferry trips 
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Frovay 78. Mudified stoct ing aitangement makes powibte 
bardling P88 kygtter plane wich wing tips ta place. 


PRAGLOR-YRAILER 


Ar the request of the Ordnance Department, rough 
plans were prepared for a large amphibious tractor 
. teailer to increase the capacity of the DOKW. 
Sketches were prepared for a two-wheeled, stern- 
ramp trailer, the necessary modifications to the 
DURW stem, and a suitable hiah (Fignies BO and 
82), but ne detailed plans were made and ap pilor 
made! way canstracted, A smaller amphibious wailer, 
however, was designed aad one test model was con 
structed! 


1See Chapter 8 in this volume. 


Fievay 79. P38 wilh wing lips in place on way to beadt 
by DURW ferry. 


sas Ponton DUKWs 


{1 an attempt to provide a stable, powered unit 
for heavy-duty dry rafts and floating bridge supports, 
designs were prepared for coupling two DUK Ws to- 
gether, first stern-testern and keer bow-tastern. This 
would provide a sel- propelled unit, thus clininating 
the need for extra wransporiation on fand and for 
maneuvering cables and power bouts or outboard 
motors in water. Test anits were constructed (Figares 
82 and 83) and taken two the Imperial Dam on the 
Colorado River for study. As in the case of ferrying 
tanks and airplanes, the DUKWs were aot seriously 
cppsidered for use as panans because of their greater 
need in other operators. 


sath Mat-Laying Equipment 


in May I645, :nethuds wae developed for enabling 
the DURW to lay a woven accordion-pleat wire land- 


Pacrar 1. Avtiat’s conception of propamerf amplribiers rect: Gaifer omit. 
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Ftetre BE Artist's couception ef proposed tactortotifer unit at shipsite, 


ing niat™ somewhat similar to thar used for air suips 
Dut ouch fighter, dts primary use would be to pro- 
vide landing strips From the water's edge across sott 
sand for the support af vehicles normally unseited 
to soft sand operation. Prestimably these matting 
strips would be laid by a DUK W just ahead of land. 
ing craft approaching the beach, Uhe mat-laying 
device might also be used for haying a temporary ake- 
aff strip for airplanes engaged in cmergenty ferrying 
Operations, 

Tn operaton, the landing mat (Figures 84 and 85} 
would be th wn fron its folded position in the rear, 
pazsect over the cab, and dicen spread under the frent 
wheels by ube forward marion of the vehicle. “Che mitt 
would hase to be handed until the first section 
passed under the front wheels, after which the fer- 


o Developed by HieState biuginectiny Company, Washing: 
Von. Pa. 


ward motion of the vehicle would furnish the neces- 
sary leeding power, Brake shoes on cach side of an 
overhead guide frame woutd regulate the tension at 
which the mat would be tit it was calvulated that 


Bicuer 62. DUK Ws secared in stern-to dean pintent fin 
ponton tests, 


Bats 85. DUK Wa secured in bow tn aterm tandem for pemions teas 
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bane sh. Front view of DUK W equipped with proposed 
buading mvt. 


ane DUKW could lay fro 200 ca 100 Feet of matting, 
depending on the roughness of the sea and ather ex- 
ternal comitions, 

Preliminary engineering tests were conducted on 
the use of this device on the DUKW, but ic wus 
neither subjected to routine tests nor used in actual 
operations? 


rae Axymamient 
Gon Ring 


A gun ring mount already developed for wucks 
was adapted for the DUK W (Figure RG) by the War 
Department, 


“Tie 305-s08 HOwsezek 


The successtab ase of the DU RW is iansporting 
various weapons Jed naturally to the proposal dia 
these weapons be so tnstatted that dies could be fired 
att se ar used ay mobile aritery on Jand, 

After a protracted study with the $2-inete chendead 
smettir, i was found chat dis weapon could net be 
Jned on the DURW without the jastatlerian of 4 
complis aed, chtborate doc hadsat hing ay stent, Ma- 
rot caitilisis was theutore phiced an thie 105s 
howiven and carb in HE prctioniiaay tests an ae 
tnptovied hatnea were madertaken, fist on band 
andl then at ava (Figuaes 47 and B86) Che results were 
wadhic ioisdy cree agai for OS RP te teeenaiead 
further devclopnarnt ai! adaption of ths conbina 
ion as a iajon achtisien ne anipdittieses de power. 
This secoutuctidation. hawcves, wae tablad partly 
beciine af The expestasinss 69 Ua uatigg Was ices that 
the EV ECM a hagis cael sissmaid echichs, world 
sem he vvailable inh wonht he superson tes the 
DURIV, and poriiy Gesanss of inset gactint 


Fort 85. Side view of DUKW equipped sith landing 
ital. 


was latcr found that the new LV YP, when it was finally 
delivered, couldf cariy only a 75-.m weapon, 

Had the OSRD recommendation been accepted 
without delay, 104-mm fire power in DURWs would 
have been available ior atoll warlare fret Kwajalein 
on. 


Yur 25-Pounnrr 


A similar harness for fring the 25-pounder, the 
British counterparC ot the 05-10 howitecr, was de- 
veloped in India for use in an operation which was 
fater canceled. “Vhis form of amphibious fire power 
was not subsequeuth, ased, being superseded by 
rackets. 


Tae 3-lnce Anyipann Rive 


A similar harness was successfally developed for 
the S-inch rifle Gmeunted on the wide 13-001 cee 


Fused 3. Stanstarad piss ting mount adupind far nse et 
prkY 
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Ficuar, 87. Wh-mm howitver can be handled easily by 
DUKW to fie on Jand. 


riage). Phis was undoubtedly the heaviest weapon to 
be fired from a DUKW, It was not used in combat. 

It was found that the DUKW winch cable could be 
made to substitute for the harnesses for Che 105-nnt 
howitver, the 25-pounder, and the 3-inch antitank 
rifle, 


RockkT LAUNCHERS 

Early in 1943, exploratory studics and field tests 
indicated that the DUKW could be uscd cllectively 
to carry launchers tor the 13-inch beach banage 
rocket. ‘Phe cooperation of Division 3 of NDRC was 
obtained and an improved honcycomb-type, 120- 
rocket Louncher was developed in collaboration with 
GMC Truck & Coach Division to replace Che rales pe 
lawncher then in use." 

Later, another type of launcher with a capacity of 
only cight rockets was tested for use on the rear deck 
al the DURW. Lightly fastened to the vehice, this 
launcher was found able to withstand single and 
tipple fire without dithculty: and) without harm to 


the DUKW. 


ae DEMONSTRATIONS 
oe Preliminary Demonstrations 


Thet ot pilot model of the DURW, completed in 
38 dass, was displayed unolhe tally on June 2, 1952, 
and on June 12 it was demonstrated to a group of 
olficers and civilians at the General Motors Corpora- 


4 For amore detaded report. see Chapter 16. Section 1.4, on 
Project “Scorpion.” 


Ficury 88, 105-mm howitzer on DUKW aan alse be fred 
al sea. 


tion Proving Grounds at Milford, Michigan. Its op- 
eration on land and in water had a good reception, 
which was erroncously interpreted as an indication 
of early acceptance by the Armed Services. Four days 
later, on June 16, it was apparent that the DURW 
+ ould not be accepted early or, possibly, a ‘Phe 
pilot model was driven to Fort Belvoir, Virginia, and 
demonstrated to Army officers, including representa: 
tives of the Engincer Board, whereupon the Chief, 
Corps of Engineers, indicated that there was no need 
fer such a vehicle and recommended that its farther 
development be halted. In spite of this conclusion, it 
third demonstration was held at Fort Story, Virginia, 
on June 23. A slightly more dramatic presentati 
was arranged, with a mock (oop lunding (Figure 89), 
but the reaction of military observers was again un 
sympathetic, 

Thus, after 3 weeks, a series of small, inconclusive 


demonstiations had iade a few fiiends for the 
DUKW but had jailed to stir the intaginations of 
senior officers. 

In the following weeks, other small-scale demon: 
strations and testy were conducted before olhcial 
observers. On August 25 at Solomon's Island, Mary- 
land, the reworked pilot madel No. 1 wis shown 
with the Ford ton amphibian and the Aqua: 
Cheetah of Hotheins: a similar comparison was made 
on September 16 at Camp Edwards, Mitssisc Tisetts, 
Neither these now other and unolthcial displays re- 
sulted in the wceptance of the DURW. Phe DURW 
was cither ignored or severcly criticized for low water 
speed, dithculty of aaaicuvering, inability (o get 


CONFIDEN TEAL 


ba THE DUOKW: ITS DEVELOPMENT 


Fieve. 89, Mock oop hauling acgged at Fort Story, Virginia, to demonstsate tactical useless of PUK ated 


smuphibious jocgs (at rigs), 


through surf, aud usseaworthiness. There was a 
widespread conclusion that if the DURW could per- 
form a usefal military function~which was doubtiul 
~other vehides could perform it better. 

Even though the DURKW could clearly travel 
where no other single vehicle could operate, such 
as in deep water interry pied by sand bars (Figure 90), 
its perational advamages remained generally un- 
appreciated, The DUK W idea had aot caught on. 

Tc the reantine, a most fortunate thing had hap- 
pened, “Che Chief, Development Section, ASE, had 
received a dircetive hom the Chief, ASF, to provide 
means for speeding the discharge of Lend-Lease car- 
goes at places Like Bavra, where ships were waiting 
2 months before disharging into saiting lighters. 
Upon receipt of this direeuve, he was advised by the 
Chief of Division 12 of NDRC that 9 per cent of 
the world’s beaches can be cossed by a wheeled vye- 


hice with the right tire pressure, and forthwith, 
early in June 1912, he initiated a production order 
for 2,000 DUK Ws before they had been costed or re 
ported upon by the War Departinent. ‘Vhis order, 
received by General Motars Corporation on Jaly 
J, 1942, was presinnably given, and certainly received, 
as an expedient—an emergency measure to cmploy 
something barely practical until a really useful Logis- 
tical vehicle could be found. ‘There was vo assemp- 
tion that such a production order meant acceptance 
of the DUKW aya vehicle acceptable to rose mili- 
tary Services which could Jagieny cimploy 4 on 2 
Jarge scale, and for the purposes outtined.an page 13, 
On the conuary, R had become evident Uoat none of 
the modest: demonstrations conducted during the 
sumer uf 1942 had succeeded in satisfying the Sere 
ices that the DUKW could make important and veo- 
salile contributions to Jogistics or tactics, OSRD, 
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therelore, decides ie stake die ute of the DUKW 
on @ inassive and dramatic demonstration, ino the 
roughest weather obtarratiic. 


$12 The Provincetown Demonstration 


Once dhe nee ad become dea), OSRD personnel 
and representatives of the wo Contractors started 
plans for such a demonsiation to be given early in 
December. Aller a surscy of the East Coast, Province 
town, Massachasetts, was selocted, since die lackside 
of the hook was likely to have heavy surl and tide 
Tips, while the shape of Une incurving hook urrant 
chat on any given day any gradation of surf, fren 
none to the maximum for that day, could be selected 
for training. Further, the water was generally 6-5 
shallow for encmy submarites. It was determined 
that the program would icade tulbscaly demonstra 
tions of many actual apprications of the DUKW and 
that the presentation would take advantage of rough 
winter weather rather din avoid it. 

Accordingly, with the assislance of Army, Navy, 
and Maritime Coaunission officials who were person- 
ally interested is che program, preparations begau 
on October 30. A special detachment of gllicers and 
men--the firs: “DUKW company”~way assigned ta 
OSRD by the Conamanding General, Evgineer Ane 
phibian Command, and started waining to handle 
the DUKWS., Eight prodaction models were requisi- 
timed in addition to the four haudmade pilot moed- 
ely, Special loading problems were conceived, and 
special cguipment and methods were designe) to 
solve tha. Duniany cargo was nade ap by the Arey 
and a Liberty ship was assigned to OSRD (or the per- 
formance, OSRD personnel with great experience in 
navigating small Gait, particwarly in surl, provided 
speciad iraiaing to the drivers, ews, azid offic crs. 

For 30 days, this group developed and retearsed 
its procedures in smooth and rough water, in sind, 
and in sand. Te practiced mooing, loading and un- 
loading, and handling eve y variety ol carga that 
could be obtained of simulated, The taining equip 
ment consisted of a Stan Lorraine crane, lashed 
amidships inan CF fom which dummy carye was 
discharged into DUK Ws hag off her weather side 
while the LCE steamed at d hoot. inte quartcring 
winter scas uit Peaked Wh) Bar on the back side of 
Cape God. Tt was hoped that these condivions were 
more boisterous than would be found on the tee side 
ofa Liberty ship even in fairly heavy weather. This 


way found to be the case during the actual demon: 
stration and, although Qte weather was moderated; 
rough, no difitcuity was cncoutitered, 

The actual demonstration was scheduled foy De- 
cember 6 and 7, fn the early morning of Deconber 
2% however, the ability of the DUK AW was tested in 
an unexpected dress rebeatsal which became perhaps 
as jMportant 4s any planned formal prograin. Shorty 
after midnight, a small Goat Guard patrol boat with 
her crew of seven men went aground on «sand bar 
about 4 mile allshore on the northeast side of Cape 
Cod just invide Pewsed Hill Bar, With the wind 
reaching a velocity of 60 mph, a hard, driving tain, 
and @ good surf, dhe crew could pot get astiate by 
swimming or by liteboat or raft. Goust Guard per: 
saunel from three shore stations arrived with rex ue 
eqtipment, but the high wind, the surf, and the 
strong cutrent nade it toa risky to use a surf beat 
and die breeches buoy was ipractical, 

At the tequest of the local Coast Guard cout 
mander, two DUKWSs were driver to the beach 
about 15 miles trons the demonstration headquarters 
over roads and sand dunes. Oue DURW was Ictt 
on the beach far emergency. “Vhe other, driven and 
skippered by OSRD personnel aud with twa Coast 
Guardsmen as crew, went ate cin surland out to the 
stranded vessel, Six uiinates Late, the DUKW re- 
turned with the sesen crew members, dry shod, and 
catrying their persctial pear. 

The entire operation was described ax aacvendal 
(Figares 91 and 92). 

Five hours later, at approxinsaicly 0680 hours, de 
rescue party retuned to the spot to cxamine the 
vessel in dayight, Che veset, however, bad disap: 
peared and po ace of her was coported duning the 
peat week, 

On the inating of December G, the first of the 
lwo demonstradion days at Provineceown, ube official 
party of 88 ofhecrs from: Washiagton, represeating 
the Army, the Navy, the Coast Gaserd. dic British 
Amy, the Canadian Army, and the British: Admi- 
talty, arrived at Providence by vain. They were met 
by buses and taken to Provincetown, 

The weather dad been cucouragingh rough dur 
tng fhe previons dass bur its sudden tendency ts 
taoderate during the night of December 5.4 spelled 
disaster for the donantration, A courier with the 
heevy Qothing and boots lor dhe party yoss theretore 
sent from Provincetown te iatecept the buses at 
Orleans and request the officers Ca change thei: 
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beac OE, DUKW feaves beach on rescie migion ott 
Prosvanctowa, Masachusety, 


clothes en route so that the demonstration might 
begin without delay on their arrival, aud before con- 
ditions “improved any furdyer.” 

It will be scear later that these deliberate efforts at 
drawatization may have beeu too successful, 

Under official observation tor 2 days, the DUKWs 
proceeded to demonstiate their operational value. 
They repeatedly weut through a moderate surf—the 
worst which could be Jorated- and operated in a 
modaate sea with the wind at «bout 25 mph and 
waves ranging from 3 to 10 feet ia height (Figure 93). 
Duminy cargo was taken on from the Liberty ship 
SS Canver, which was standing about a mile and a 


Fieve, 92. Caaat Gaand patel heat with sven men 
aboard, agrennd on and bar off Pravin ciowi. Meow 
sheusents. 


quarter liow the beach, anid then carried to a daanp 
established in sand dunes about a mile from the 
water, One DUK W was inadvericnily loaded above 
rated capacity to alent #,000 pounds but sceued to 
wanage just as well as the others, which averaged 
wbout 5,000 pounds of carga, Unloading of sisal 
packages at the dump was done by hand, while in. 
provised A-frames were uyed tor large packages. 

A special tactical demonstration was devoted to 
the fanding of a 105mm yuu battery with four 
DUKWSs. The battery was taken through a 4. to 
S-toot surf (the highest available), “Phe guns were 
unloaded with the A-frame, towed by the DUK Ws 
across dunes not traversable by the standard prime 
mover, Moved into battery, and there tircd (Figures 
M41 wo 96). Unloading time without rehearsal was 
about 2 minutes for each pon. 

At the end ef the demonstration, the DUK Ws were 
turned over to the observers to drive and test in any 
manner chey desired. 

Following the demonstration and critique, the 
Assistant Chief of Stall, WDGS, G-3, announced his 
decision to send small consiznmnents of DUKWS ate 
tour theaters of operations. 

The demonstration, however, had been perhaps 
tov successful. Rec ause of the 30 days of rather drastic 
training with the LCT and because of the closest 
supervision during the demonstration, there had 
been no difficulty of anv sort; thus she General Sail 
olficers teft Provincetown with the impression that 
the DUKW was a foolproof vehicle which could be 
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DUKW opel ates iuigh moderate sin’ with waver yang 
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Facuny 97. 1 C¥s bringing cargo ashore tn tests off Fort Story, Virginla. 
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Ficune 98. Witt LCV runs 8 close as possfite to beach, men wade {nt icy water to remote cargo. 


Fieemb G00, fast stage ECV cargo laniing routine. Men lift cargo on to standard land tuck. (In Fort Story demon. 
sock, LMG Landed onty abo $6 tos is 90 minutes > 
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operated in heavy surf by any woops with very Hale 
training. This undoubtedly was a tactor in the [ail- 
ure of the War Department to agree at once ta the 
necessity lor vigorons taining of properly selected 
personnel, under competcnt military supervision, 


873 The Fort Story Demonstration 


Immediately after the Provincetown demonstra- 


tion and because of the interest of officers of Am- 
vhibious Forces, Adantic Fleet |AFAF] who had at- 
tended, the sceond major demonstration got under 
way at Fort Story, Virgmia, culminating in a large- 
scale trial and competition with nonamphibious 
landing craft of compurable size. Again, he demon- 
stration was preceded by rigorous training and re- 
hearsal for a new set of inexperienced drivers. A 
method for unloading was developed by which cargo 
could be taken from a ship as fast as the ship's gear 
could discharge it over the side. 

On January 3, 1943, in the presence of the Com- 
mander, AFAF, and his staff, ten DUKWs competed 
with ten LCVs in landing cargo from an AKA, with 
the DUK Ws landing about 4@ tons in 27 minutes and 
the LUVs about 30 tons in 90 minutes. “Pwo days 
later in a repeat performance, the wn DUKWs 
landed 30 tons in 20 minutes, and the LGVs about 30 
tons in 90 minutes, while the ten LCVs which were 
reinforced with two 50-loot Higgins Tank Lighters 
brought in about 20 tons in 60 minutes. 

In these competitive runs, the LCVs ran as close as 
possible vo the beach, where men had to wade into the 
water up to their hips to transfer the cargo through a 
small suri to die beach. Nexta bulldozer dragged sled- 
loads of cargo up to dry sand where it could finally be 


foaded on a truck (Figures 97 lo 100). During the 
triads, one LCV was flooded and stalled and had to be 
rescucd by a DUR W; halt of the LCVs had consider- 
able difhculty in retracting fron the beach after dis- 
charging their cargo; the 6x6 duck werking with the 
LCVs inad seven Hat tires as a result of excessive tiie 
deflation used to get actoss sand; and at the end, the 
commanding officer of the shore party reported that 
his men were freezing in the water and requested the 
aid of two DUKWs to get them back to quar ters. 

In contrast, the DUR Ws took cargo directly from 
the ship, carried it across the beach, and unfoaded it 
atthe duinp by means of an improvised “hog ough" 
chute (Figures 101 and 102). With this systen, onc 
DUKW with a driver and a ccew of four disgorged 
€,000 pounds of cargo itt a minute and a half, 

One serious accident occurred when a Navy driver 
oversoaded his DURKW with 9,000 pounds af cargo, 
putting most of it in the rear end of the cargo space, 
and then lay alongside the weather side of the AKA 
for 45 minutes in a 4- to 5-foot sea. He likewise failed 
to vig his tarpaulin ancl waited until the very last 
to use the emergency hand pump, At the end of the 
45 minutes, the motor stalled, the water gained fast, 
and the DUK W swainped in 69 feet of water. 

Following the demons.ration and competition, the 
Commander, AFAF, requested COMINCH for 2,000 
DUKWs for the Sicilian invasion. Amphibious Sec- 
tion, COMINCH, turned down the reqaest. 

Later, the DUK Ws were used tu demonstrate both 
wet and dry fon ying of tanks, half-tracks, trucks, and 
jecps. In a similar experment in coujunction wigh 
an LCV, the landing vessel unloaded the tank on a 
sand bar and the tank was then brought ashore hy 
two DUKWs. In other operations, observers wit- 


Fuvar 101 fe competitive demonstsstion at Fort Story, DUKW takes cargo from AKA stunding offshore. 
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Pewee mechody for toading DUR Ws dew the No. 2 
hatch of Liberty ships (Figsres 183 co [05y, towing, 
then through the hatch of an bho 1, ane suspendiag 
Chem bam the das ite ab ats ABA Crggie 10g), 


374 The Guadaicanal Remonsration 


Abou & moths after these diysenstyations and 
ahtet sAprpstOs ister Vy 2.0 ME coetids tect beat produced, 


CONTIL 


the relative vale of the DURW and the Water Buf- 
falo was quetiond by naval aiuborities on the 
Bacilic Goast. Pa scufe dhis problem. two stundard 
prodection BURWS, selected at ransom, and a pair 
of Water Butoks pilot models, one dl and one 656, 
were dispatebed to Guadalcanal. The DEUR Ws were 
in the chasge af OSRD personnel. 

Fram Sepreveber 23 ta 26, 1844, the four vebiles 
were wed to onload ratgo from ships standing otf 
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Ficrnr 103. DUKW alongside Liberty ship with DUKW Ficurs. 104. Libevty ship jumbo boom tilting OC KAY 
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the beach at Guadalcanal, vc the end ot the first 2 
days, cach DUKW had carried aliost as much cage 
as both Buttaloes together ead had mace more tips 
than cither Buttalo. During the next 2 days, with the 
fix Buffalo laidl up for repairs most of the time, each 
DUKW carried more thin three times as mud as the 
4x4. Similar results were obtained between Septem. 
ber 27 and 30 in comparable vials at Vuktgi and in 
the Russells, 

‘Phe cargo consisted mostly of ammunition, 1a- 
tions, and beer, 

‘Vhe Navy report on the demonstration was favor- 
able to the DUKW but resulted in no Navy procure 
ment, 


875 The Funafuti Demonstration 


In August 1943, CINCPAC was planning the as- 
suult on Varawa and other coral atolls further west 
and requested OSRD pusonnel ta determine, by 
test on Funafuti and by observations during the oc- 
cupation of Nanomea, the extent~if any-to which 
DUKWSs could climb oyt on coral reefs at various 
stages of the tide, on both the weather and Ice sides 
of an atoll, 

OSRI) urged that this test should include the LVF 
in order that the | might be laid for a standard 


rr 


aperaling procedure for a coordinated assault sing 
cach of the two vehicics to best advantage. This was 
rejected. 

A consignment ol 2b DUKWs was accordingly 
shipped fom San Francises to) Funatuti, ins the 
charge of OSRD personnel who serviced than en 
route, A detachment of Marine Corps persopnel and 
a detachment of Army personnel trained in DUK Ws 
at Fort Story werc assigned to OSRD. 

First, this composite force was trained in Funafuti 
lagoon bs unloading a Liberty ship over lagoon 
coral at all tides. Then, after OSRD personnel had 
dived under the surf with bundles of dynamite sticks 
in sandbags to blast a ramp in the seaward lip of the 
coral reef as @ precautionary measure, it was found 
that DUKWs could tan throogh the suf on the 
weather side of a coral reef of the Funafuti type 
without any such aid. (See Figure 107.) " 

After 10 days of training, a group of 15 DUK Ws 
with their crews was sent by LST to support the oc: 
eupation of Nanomes, This figure &shaped atoll is 
a continuous see. Hts outer shelf is several hundred 
yards in width, full of potholes, and exposed about 
18 inches at low tide. ‘There is no entrance to vither 
lagoon, Ou the weather side, the surf is heavy. On 
the lee side, the surf, deflected by each end of the 
atoll, strikes the coral shelf in twa systems of waves 


Freer 107, Using $0 pound tie preseure. DUKW negotiates coral reef in tests at Funafati. 
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ac right angles to cach other and cach at 45 degrees 
to the “beach.” A northerly current of about 1 kit 
runs parallel to the Jong axis of the figure cight. 
Great fingers of coral, separated by gultices deep 
enough to swallow DUKWSs, plunge to the depths 
at the line where the confused seas break. 

From the point of view of making a landing. this 
reef is reputedly the worst in the Central Pacific, and 
OSRD personne] found it far more difficult than that 
at Tarawa, which they had visited before the waa. 

Under these conditions, the Maa ine Cor ps drivers 
with 10 days of expericnee successfully Linded on the 
Nanomea reef in the surf, being guided in a last- 
minute alteration of course hy the diflerence in color 
between the dark water over the gullies and the pale 
green water over the coral fingers. Arriving at dusk, 
they discharged around the clock, taking combat 
stores from an LST lying offshore, sunning up a 
coral finger in the darkness by ranging in on ove 
lanterns sited on the reef, and discharging directly 
to the dump. ‘Fhe stores were discharged by hog: 
trough over the side of the LST- a technique which 


was nor successful with the juny rig available ad 
partly by entering aud leaving the LS Bova its ramp, 

One DURW was damaged by singing seas on the 
Ts Poamp. One tell ina gully, Bach was back in op. 
eration within a lew daw. Die others operaurcd with 
out incident, 

The operation inade it Clear that it aelatively un. 
famed crews under Close super vision could operate 
DUR Ws acrow Nanomes reef in all cides, by nigat 
and by day, then a welluained DURW company 
could do the same biy mare casily at Tarawa, first 


bringing in batteries of 105's and kiter supporting 
the assault with combat stores. A scnion naval alicer 
was presentat Che texts and concurred in the report 
which was sent atence to CINCPAG Headquarters, 
Phere the report was rejected, DUKWs were not 
used at Tanawa, cither to fant 15's for cofiliacting 
fire ov in logistic support of the asstalee 
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THE DUKW: ITS 


Summary 


tRWws' were fest used operationally at Noumea in 

March 1943, a lite less than 1] months ater the 
Director of the Office of Scientific Research and De- 
velopment [OSRD] had launched the project, and 
thereafter went through the war without a major de- 
sign change, the basic design being considered satis- 
factory. The DUKW is one of few new weapons of its 
size with such a record. ‘To eliminate those faults 
which, though minor, could cause a vehicle to fail in 
its missions, OSRD exerted the utmost pressure 
in getting necessary modifications imto production, 
Some of the modifications requested by OSRD and 
approved by the War Departuient were, however, so 
long delayed in getting into production and se im 
portant to cificient operation of a DUKW fleet that, 
despite the shortage of time, matcrials, and men in 
forward areas, thes were improvised in the fies. 

When the Army decided to start large-s ale DURW 
training, OSRD was already aware of many of the 
problems involved and way able to respond to the re- 
quest for assisvace in setting up schools, writing 
technical publications, improving maintenance, and 
developing special operating techniques. OSRD per- 
sonnel were atuuched in a supervisory capacity te the 
early (raining schools in the Caiited States and to re- 
training schools overseas, 

Phe work of OSRD in the indoct ination of higher 
commands with the potentialitics of the DUKW he. 
gan with the sound film for the Joint New Weapotis 
Committee of the Joint Chicts of Seal, which out 
lined a part of the potential n le of an Allied DURW 
fleet, It was continued at at sericy of demonstittions 
for staff ofhcers. In theaters of operations, cooper ation 
of this sort was comtinucd in cosmferenses requested by 
the various theater conunanders in the Meditera 
nea, European, aad facie | eaters. 

‘Training aids, ineliding photographic and writen 
miaterial, were prepared for die Arined: Services at 
then request, Assistance was giten in drafting opera 
img and ether manmah, in theaters, special revised 
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editions of operating manuals were prepared by 
OSRD and published locally, 

Ameng the special logistical operating t+ hniques 
developed by OSRD are stowage af various ty pes of 
curgo inthe DURYW, detersaination of che maxim 
permissible load for vari tendons of sca and 
beach, DUK W invoring system, DUKW Ice control, 
operations with landing sluips, evacuation of casual 
ties, driving over coral. aid nuder water salvage. “The 
Most important vactiGal Operating techniques in- 
dade the use of DUK Ws with dhe (05-a0mn howitzer, 
use with the 25-pounder, aml use with the 4.5-ineh 
beath barrage rocket. Fu addition, OSR D repeatedly 
urged the exploitation of the strategic siv prise ab 
tainable by landing DUKWs on a coast line fronted 
by an “impossible” surf or by “impawable" reels and 
beaches, 

Alehough one al the primary missions for which 
the Bu KW was intended at the tine of its design was 
to expedite the discharge of Lend-Lcase cargoes in 
congested pore, OSRD worked with many officers 
and commands in finding new uses dor the DURW, 
including doportent tactical roles. Inthe end, OSRD, 
in close Collaboration with theater forces, worked ant 
a doctrine of a coordinated amphibious assaal: 
DURWS would be combined with LV 1s to uanyport 
the assault oops, rackets, aad 10% in howitzers, the 
inidial avsault would be LV Is supported by rocket 
DURWS, and subsequent covering fie would be pro 
vided by the 105’s Janded Dy DUKWs: the whole 
force would get sealift in ramp aneding ships. Com 
bes supplics in suppert of die assault would be 
in by DURWs. This docu inc was ist used 
Ab Arawe dn December 13. later at Rwagdein, ane 
finally became standard docuine throughout dhe 
Pou tf, 

OSRD nade many attempts te insure that DUK W 
units overseay would be adeqmach sapplicd with 


brougl 


ypare parts, bit these 


forts were tagel y unsticesy 
il. Consequently, mans DUKW compa 
on the Gan moobother schides, especially 
DURWs, and on the cooperction af Navy and Scaber 
matches shops for the balnis ation of parts 

fn order ie simplity DUKW maintenance, the 
cathy overchaborie mainteniaine unsthactions were 
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far redoreney Ge various sectrieal successes aud (it 
tev ts they conccnied the activities uf OSR 1D, 

Yotal production amanated te approsinately 
20,0008 vehicles by August F915. with a total of utente 
shan 27,006 aucherized, 

Ay a tel al these clos comes tions wntintsiued 
with the DURW not only throughout its develop 
mental phase bul abo theeughout its application, 
OSRD bas anised at certain conciusious and vecom 
mendations with respect to che problems encoun: 
tere. Amen these rvsomimendations is ane for fay 
tee study an the possibilities al a hagor, 1 ton, 34- 
sack ampbibsin which would supptanem siaihes 
than repltes die WURAY, Such an amphibian strould 
be provucess in both a combat snodeb and a supply 
mated, 


at MODIFICATIONS 


Asa teva af cotitioitous toding atid abs vation 
hrthe United States and it theaters af aperations, it 
was found thi, abhough the basic desig of the 
DURA way sound, naterous miner changes were 
needed, OSKD thetetate exerted the greatest poysilite 
Juestre ta CHraiate thase Gal which, fuwerer 
rehnively mina in nature, could never tietess take 
the Hiffercnce between the sures or fathire of att 
operation. 

Fram the vant of production aatil the cad of the 
Wall, sori A006 windifications were pequosteds Mont 
ofthe eoce diltiatedd fy the uanalaciier to sine 
pity sbop aysembly or ns cope with a shantage af 
ctitiead aaveriah astd wore cherelcae not achnidls de 
sign changes. A finite narmber were requested: by 
the Arai. Phe others were requested by OSRD ait 
were vied. at fucreming the efficicaes ad the PEAW, 
espauitiag thy veritas. ant sdnpiiising its ona iute- 
naner. Vtoprosentatite fist of same af the atare im 
peatantaf these desigu changes called for by ONG 
ieogivcn ft Lath 1 with the dete on whit cack 
change was requested, the diae oa which i wes hee 
diced) inte produced, ancl the ppreniiastc delay 
Dvebved. Abort two dozen af shove ipor ist aod: 
fe adorns bitd been requested ta OSRD hy the ent al 
143) and. atiheugh action oss some of sean was de- 
faved. che DUR Ws wcaihabte lot die Gastar af Nat 


mandy in fune LOPL were mechanically rchable, and 
2.000 of then operated around the dock camiinuotisty 
for DN days, wh praeticals ce tia for maimrenance, 
Anwther davon chang: 
OSRD in LQbE notte in fobs, 

fable 2 gives a bist of ather changes whieh were re- 
qpieated hy OSR D and approved by the Otice al Glict 
of Ordnance, Detroit {OCOD}, bur which had net 
gone inte production by che end of Would Wi TT, 

fostonld he decry ancterstoad that practically al 
of the changes camcertied? the amplhitbiens cam po- 
aentaaid Rat he gutomeuve comrponmns, Eby darter 
had bees deorparatcd into che conversion as well 
proved, teliable units. 

Gn the whale, Utis would scem to, have bec @ 
rather madest modikeation program, aviended by re- 
yrettstdy delays. The average time lag fa getting the 
26 leplescutative, important madilicseions inte pro- 
duction was more ebai (6 smanths (Cable 2). Phese 
modihc ations did not in general involve critical ma- 
serials or burdensome retooling: problems, Same of 
che cbcuges bisted ie Tables | ancl 2 were so vital to 
effiricnt DUK operation tbat, despite the shortage 
of tue, daber, and materials in the forward areas, 
they were taade in the @eld. A few autstanding ¢x- 
amples of the werk performed in the keld ta corcert 
such production deficiencies are as follows: 

AFrame Manufaciiay (ve Cable t, MEER 2133}. 
As mentioned in the section an accessory equigmment 
in the previous chapter, praduction Afranes did wot 
reach the theaists of operations in any considerable 
piunbers: in fact, up ta Seprember 1444, there is no 
trace of @ factopenide Aframe belong used in ue 
Mediterranean Pheu, and it was necessary to in 
provisc theve Lames avcof aay materials available in 
the jorwand areas. 

fuel Tank Drath valee Qo Vable 1, MYER 23-17). 
Phe large. packless fuel unk drain valve installed in 
fret tanks having the secdimendc tgp wes installed ina 
Inaking whieh was toe tightly sweated inte the tank, 
Phe vibtation during witter eperation caused ¢ dint 
petous fard leak around the biting: camequenihs, 
the bushing had to be braved at soldered to the tink 
or the hea dissin udse had ta be rquuved ane x 
fighter prtcock instatied, 

Sealing of Awehaty die tatake (ec Vable 4. 
MGER US67) Mier 2 years of URW opeatians 
okencss, owas proce dha this ftcke was not ueces.. 
sary te the vaohing ststens; Onishisrmore, sities it was 
after iradvertontly: left part apen caring water 
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MODIFICATIONS ir 


Davee L Lmportant Deaga Changes i BURW Production Models. 


Date Bate 


Requested Puciaw Lame bay, 
METER® No. in OSREE Pi celia tii (Months) 
ol Improved exhaust nanifeld Jan. 1913 Any. 1910 19 
CLoteduce lncakage in fieldy 
105 ta {ayproved onl fies inlet Ore 1S Feb. 15 le 
{ feondace ineakage in field) 
rae Tnproved Inake shoe springs July 1918 Jang 6 
1 duce neakage in feldy 
20g Cai igs patisedd 14% inelies Jan. 1943 Min. 198 2 
: To incase lective ficeboand) 
213% Maniiactared A-frame Dec. EMD sepe 1gts 9 
: (Ta permit lifting loads up te 
‘ Sout 1b) 
Quit Heasier doping windshickd with Feb. 1913 ve G18 4 


side wings 

- (Ta afford added protection in 

+ Aeavy surfy 

212 Central Gie-inflation system July 1942. Deo. 1943 (7 
(To permit change in tire pres 
ware while in mation, allaat, or 


ashore) 
2155 Quidkactian adder contial Jan. 143 Apr. 19t8 4 
(fo sim plify water sterving) 
Pa Grease hittings an control bever fan. 1913 June 1943 f 
bearings 


(La seduce tendency uf bear 
digs to freee 

2166 Vwospeed marine propeller fan 199s Ving. 13, 

Transfer case 

(Ta improve reecese operation 
when afluaty 

210 Bilge weter halt hain vabes Jan. 18t3 June 1918 5 
(hodrarm hull after wate 
seperate) 


. 


219% Tinproved V stuut bearing Feb 1915 Jane HHS 4 
tdndncicaw fe of bearing) 
2255 Gantht bilge pupep seater july 1418 Wee. 1043 5 
| (fu provide maw dependable 
hilge pump) 
Pairs Tael tank water trap A 1WS Pree WHET 14 


(de facilitate removal of water 
freous fared wotemy 


2H) cat wheel Our LET Sept IGT i 
Che factitate removal uf 
whrehy 

207 On viluas ait intake Oct TUES Oat WEE f2 


idow ebabrlity of wate 
ne fing on enygeney 
Stamos sicch sartder cable Oc WF Oce po 


Lf inetcase itic oj cabies 


{ capautin bow Oui Mon tate , 
wetitfate Date aw oge rt 
how comparterracy 
2 Copper ficl tines tNutseendedy Oar 1911 


ee dued 


ner tlogyrng 


fines Prom itty 
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oA THE PURW: ITS APPLICATIONS 


Panter b Qevrinudy 


MILER Sa. Deveription of Change 


Pa) Lostall tarhasseer 
(So pemnsit realy check on 
eugine perlarmancey 

W527 Eostall band signal Hight 
the faohitate visual commis 
ication and wnt at froudte- 


aprablyghyy 

Beit Tacite heaMighis 
(Po arduee damage to beard. 
Tights 

Pai Haneet tire-sattation standpipes 


Ve prevent staud pipes jack- 
kurpng over renter) 


207 Franst finke: hose protections 
(Fa protect hoy fram wite, cles 
27 Front hake hose protection 


Vo yeduse broke heave mortality 
atiek peraed aperation throngh 
water) 
273k Rew brake hove protection 
(fo reduce brake have mortality 
and perurit ape ration Uurongh 
uveter) 
Correct setting of fiant axte stops 
(Tn reduce tendenery ta break 
shear fit ot sveritig cade) 


2i68 


{tite Dae . 
Reyueciod Fut late Time tay 
by ORRD Prewtece tion Caaittay 
fan. tos fovsuc TR u 
One Lats CG EEL t 
jase 1965 Jan. 140 V2 
Fiano freee, 2 
Auly 1945 Apr 185 2t 
Seq. 1943 eae PI 2 
Sepe. 1953, May (945 ci) 
Jan. 13t4 Dee. 1944 W 


* Matos ‘Transport Enginecting Recommiendasiany (GAC Symitsudsp. 


operation, made damage was caused to the engire. 
The intake wits consequently wekled shut and 
vaniked aff around. 

Sterviny Gear Adjustment to Prevent Shear Pin 
ond Cable Farures (see Vable 1, M TER 2768). Most 
failures were cased by faufty adjusuneng, which 
caused the rnddcr finkage at the ster lo reach ie 
ond af its ase) before the steering wheel rotariau 
was topped by the front axle tanning stops. To pre- 
sent these failures, it was pecceary to take fem stops 
invalving checks at die cable, nidde position, rd- 
der-casctollever and front wheel toning angie. 

Rewifercetnent of Cotrmenps (wo Vable 2, MYER 
28135. “Che cage coatings, partindarts yeae 
doaming, were found inadequade to withstand dee 
stains of handling such cuge as bombs and heave 
hanber. ‘The ppper edge of she rear cosmiiyg was 
therefore retnierced with anuly oy chassek iron and 


the corners wih wap, ad che sich scamissys pein 
forced with strap. Any naterials avaiable were used. 
with grany reinfoteemems Lnprovied from barbed 
wire stakes, 


{'se of Rust Freventive Thin Film (see “‘Tabte 2}- 
Excessive corrosion duc to salt water, especially on 
the hull and the external brake mechanisms, was a 
constate problens, “Phe iippicatian ab Raw Preven- 
dive Vhins Pita (AXS G73) reduced this cart osian 10a 
aninitine Ee was ance on all cucside sat faees, ine fil 
ing Ube brake shoes and beching plates of new 
sehictes. 

Protective Gaease on Brake Wheel Oytiuders and 
Other Forts Gov Vable 23. Corrosion of die trake 
wheel ovfinders, the thre edd ball bearings on thie 
propels drive shaft, and the wineh drag brike- 
aljusting pm was niniuived be the applicadion af a 


nusture of ane-thind white lead and nenatbirds water 
pups ercase, 

Propeder Gaad eo Table 2) ‘Uhis geard was in- 
stafled on DURWs ite the Pacific ta niininize the 
chances of clamapiug the propeiice wid shale daring 
pperations over coral and rock. Phe micst satistactory 
ginad was made from 20g454-inch angle iran, but in 
men cases this materi was net avaitable. Soiae 
anands were made even with Japanese iaihaud iron, 
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Vance 2. Important Changes Approved by OCOD but Not in Production by August 2%, 1915. 


Daic Requested 


MOLE AE Not Description of Change by OSRE 


241 Liuproved fromt sprigs 
(Povedice breakage) 
Move headlightx9 iuches alt 
(To rerluce damage) 


July 1995 


\pr Wl 


R787 Rulther-coveredt brake whee) oy Juneas July 1944 
{To increase life and eliminate need of complex girive 


protect: my 
Use of Rust Prevennve bhi 


ila (AXS 6073) July 1944 


(To reduce cunosion and increase vehicle lifes 
Protective grease on brake wheel cylinders: Ot. 194d 
{To reduce carravion and increave hfe of parts) 


Ruetproof winch drag bake 


(To tne reuse life and reduce pussil 


loads when 4 framing) 
Built-in haat bilge pump 


Mac. 1944 


lity of dropping heavy 


Nov 1943 


(Te provide mure dependable means of eluminaing bilge 
water when engine or mechatucel pump system not 


operating) 


Baie Clutch on ait camprescwa amd aaterially incase vif July 194 


capacity 


(fo decrease ay compressor hearing failures) 


Propeller guard 


July 19144 


(To reduce damage to propeller shafts and prapeltes, par- 
ticularly in rough coral uperation) 


2813 Rear cosming 1 oinforsemciit 


Auy. 1944 


{To reduce dumage and insure maximum effective free 


Laardy 


* Morn 


Two important suggested changes which never re- 
ceived approval were sul further increased bull free. 
board and a continuous repe fender built all around 
the hull, Each was suggested in January 1943, and 
vach was rejected on the ground that if would slow 
down production, 

In addition, OSRL) was sometimes able to arrange 
with the manufacturer for an advance shipment of 
kits for modihcabions about to ga into production. 
‘Yhis made it possible to bring up to date a group ol 
DUK W's about to be shipped oversea,“ Eleus, in carly 
1948, before they were shipped to the Soutinvest 
Pacific. some DUKWs were modified at Fore Ord, 
California, during the nights white they were being 
used fos uaining by day; and in August 1943, the 
DUKWs shipped fiom San Francis ta Funatuti 
were partially modified and cquipped with what 
spare parts cauld be obtained from the Stockton Ore. 
nace Depot aver a week enc. 

Foen when the uecessity for sith held work is 
cantiddpated: in the rear areas, the procmcmient of 
material needed for making che wmodificition and 


anspor Fnginecting Recommendation, (GMC §)mibols). 


the time and labor required are major problems. OF 
ten, however, vehicles were shipped direct from the 
miainjand te a combat area; in such cases i was neces 
sary to decide whether te pnt the vehicke inte an oper: 
ation for which it was urgently nceded, with the 
knowledge that it would tequire much additional 
antintenance work fater, or to delay a much necded 
piece of equiy 


tountil it contd be put into first. 
dass operating condition, At Okinawa, for example, 
four amphibian track companies arriving dirceuy 
fron the United States were not ready for operations 
until 2 weeks after the arrival of their DUR WS. How. 
ever, (wo companies arriving frou Oahu, where they 
had been given tine and assistance in modifying dheir 
vehicles (Fignies 1 and 2), were in {nll operation 
within 24 hours of Janding. 

fu contanplating the amphibious conversion of a 
vehide curing wattine or any sinilar assiguwent, 
one might profiably consider the modifications de- 
sotbed in Unis section and listed is detail chewhere. 
the aelays encountered with thes, anc duc anit 
of field work nceessitated bs such dedsavs. 
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W; ITS APPLICATIONS 


Faovanl  cpasing vehicle for combat at DKW shoot 
on Oabe. DERW Jake wheel eylinders being coated 
wil protective povave nisin. 


42 TRAINING AND INDOGTRINATION 


During the vayly texts and demonstrations late in 
198Z, OSRD personnel were requived ta provide 
Aunty and Navy crews with a certain amtount of (cain 
aygin the operation of DURWS. Fhercfore, when the 
Asmy decided us stn bagescale DUKW trainurg, 
OSKD was already aware of inany of the probleuss is- 
volved and way able ta respentel to she request for 
assistance in atting up stools, writing coclurical 
publications, and developing special tecniqaes. 
“ERis asvistanee was continued up to the end of the 
way, 
+t 


DUKW Schools 

Since the DURW is a specialized weapon, special 
jac taining is necessary tor its efficient aperation: 
the DURW operator mist be not iy sieexpert tek 
thiver, with the ability to hamlle a targe and cunsber 
some fand vebicie, but ale a coxswaint and scatman, 
exprricniend jo hamBing a oati les maneuverable 
than the notin bow, in addition, he wst be ahfe 
totope wih the ver dieuk problen: oi operating 
between Jand and water, obere considerable skill ib 
Uctesars te tegotiate heasy anf, coral soft sand, and 
Teach wicchage. Finally, he gmat have a thorough 
xroubding in hast cohelan miaatemace, which, be- 
eatese Of The greater muuhee of mas aay pares and weir 
CORT Oxpown ec taalt water, iy mare complex on 
the DURA shan on a haud vehicle. 

The Bist Arms petsenmel to teeeive BURA train: 
fay were asinall grany? trans the Exgineot Mmphibian 


Faves 2. bo mmisinize sat water conesiont bake neces 
tiatas amd wheel backing places ate pomivd watts sine 
chromate aad Rant Prevwanve thos Fila at Oahu 
BUKW achool 


Conamand at Camp Edwards, Miesachusetty, Shon 
the Pransportation Corps [PG] sctical was startted iat 
Kort Story, Virginia, in famuary §663, there men 
were Usecl as instractors for several weeks until a suf 
ficient namber oh VC offcets aad mer were ailable 
to form a taining cidte. Ante request af the War 
Department, an OSU adviser was permanently at: 
tacked) ta the (EC DURW schact until puly to 
when fie was sent ute active theaters to peview and 
suptvise DURW operations and fo eiganize re 
fresher schools, After thy test 8C staphibian cack 
Contpany wits activated, Gaining progicwed until che 
fartlities at Fort Stary were no fonger adequate. “Chae 
shoul was moved in Sprit 1953 toa site on the Ise al 
Patms, near Charleston, South 
titted there until late fs the year, when if wis mowed 
to Gamp Gaidon Jolinston, sear Garahelic, Florida. 
OSRD, when consulted, actyised sGanugly agai this 
tuote, for reasons which witl appear. Phe Utisiity al 
apphibian truek compitutes continued at the Flog ida 
focation wetil the spt ter of HIG, when activation af 
companies in she Enis) States 2 caver, 


volina, and con 


The addition to apyraximately 7 companies and 
several bation headgmarcen tained at the OC 
se bool with the cevistance and ponerad supertision of 
OSD personnel, other units were cai ata ni. 
ber of pois inde Cucd State, including fort 
Pieree, Florida; Fort Orit, California: Camp Ed- 
wards, Massachusetts: and Camp San Luis Obispo, 
fords. Severna General Mators si hools gore alse 
itablished fos the naiaing of DE RAY one hanics. 
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Thus, cals in the prograta taining was given 
principally ithe United tates, with the major site 
at Camp Gordon Jolston on the Florida Gull Coast, 
whee unfortunately the snd is bro and the water 
suoon, The caining care was unrealisde and the 
Cargohanding equapincnt was deharat. Battle. 
tested operating: procedures were nor caught. Tie 
currivuluin did nottake heed of die tact tha de per: 
centage of 4's and 5's (War Deparrment claysifica 
tious) wanong the Gainey, was several dates lighet 
than the percentage of stich groupes in the Act ats a 
whole, 

Beciuse of diese and ater shortcomings Hated tre- 
Jew, OSRD found it possible to abtain suppert iat 
European Cheater of Operations and baton ia clic 
Pacihe tor the creation of special schools in the thea 
ters for the retraining of DUKW crews and elheers 
under OSRD sapers ision, 

1, Since Camp Gordon Johasion was not locitcd 
hear a port ob embarkation, jt was nut feasible to tain 
cach DUKW crew an ity awn velick, Cansequeatly, 
che crows were tained on school equipment, with the 
result that vehicle maintenance was nec spuricd by 
aay pride of posession. In dic overseas «hoods, on the 
other hand, it was easy to teach (itst and secant eche- 
Jou maiitenance to DUK W cews who “owned” dheir 
vehides. 

2% Caitp Gordon Jelision prosided np apport 
nity to bain DURW drivers uuder conditions which 
were to become coajaal Erctars in actual assaules. 
Yheoe was no heavy sof ke that at Finian, nes vote 
sand like the volcanic ash at lwo fia, ne coral like 
that at Okinawa. fn che cheaters. taining conditions 
were selected ta resemble dove whic would be on. 
soutered when (he unit went iale apertden 


tothe avencas taining schoab wotked) in 
Close litison win dhe higher headquarters which biter 
enuployed he unite. more was known abut then fu 
tite assignments aie, cousequens)s, haaning wits 
given when diccesany for such specia) wchitigpacs as 
tramperting PBS aah 
yeeds on swilt rivers, 

Be Ovetacas schools gave taqpottant assivtatee aud 
advice da DUBW units on the proc unctient ab spec iad 
cqtdipmene wad ou the proce aig end unedibe al ient af 


Hers aM Crosiiag coral 


then vehicles. Ssincumemd above. there was vii te 
field work to be dene an DUR Ws alter they fi beer 
shipped to ie Qheaters af operation, 

5. Gap Gordon Jolurton was located inthe deep 
South. Mtheugh de bist. phibion tiie 2 companics 


CONFIDE 


were Inade ap of white petvouneh with either ack 
dtiving or stevedoring backgrounds, Ly the fall of 
(943 a chinge had been avate pap earlistedd 
thaagh white oleers were continued, Phere was at 
general lowering of the qualitcations lor DUKW 
operators; men with War Departncnt Jassiheaduus 
Jand Fewere Giken trom sich widely divergent anit 
as Air Carps scqurity banations, smoke geuetatot 
companies, and andairaalt Datiations and put inte 
auphibiag Crack companics. 

About hall at these Wainces were Negtacs bow ue 
North, Ay was die case in other Souther Guups, he 
anorale of these men suffered from die uccessity ol 
coaforpung to the particular restrictions which they 
fuced: whenever (hey lett Gunp. Such a situation 
woukd presuinably hase been few scriaus dad the 
traiping caniyp been tected inthe Nort ar on che 
West Cagst. It actaally was bess sevious, in bict, vir 
tually nonexistent, in the overseas Gaining camps. 
where dic nealness ob combat tayely minincsedt 
inaay tace prejudices, Ay a rosclcat onvcrseas taining 
or vetraining, Negro DUKW coews tecovercdt their 
mode and acquitted themsclves at teaxt as well as 
white crews. Li some cases they dict becter, 

fu Europe, thes received bigh praise tov their work 
on the Noratdsady beaches; at two fina they made 
more tonlage auder fire than did white conypanies: 
and in ihe heavy serfiat Linian hey were uasus- 
passed even by the best white Marine Corps anit, 

Nevertheless, Where tas been winch discussion of 
the advisamiliry of using sach personnel as DUKW 
drivers. Uhas been held thacapersting the DURW 
ats, io high sul aver had veets, audion bend, 1 
quires sucha high degree af (uitiacive and pretparcdy 
Uheat only wen with special apticides and high get 
sonacl ratings should be ained as DURYY ceive. I 
is ve that companies with a hright percentage of pact 
sonnel al law LQ, vequircd a tiene thorough aad at 


Mower pared cating. ander clasce leadership and 
sup jen hon thei olen. Bat ciany of phese 


Negi compres, eR ATEN dr Atedtens, Leave a ped 
famance recard cqiitl to that eb the eather com. 
Jeunes Comiposcdbat picked white men. Ps mist cases, 
it was found that sect a Negia conyecie fad officars 
ofa sen superion caliber, havcdworkigg, cothusisstic 
ahout the DUAW, aod sofhaenths patient ta Cape 
with Che naltiplicity of problems inherese iy the 
Raising of agronp eomipesed in dagge pareal cacy in 
jets Pana) 


elatsat's 
Hintiie DORW ais is were sei cred with an LG. 
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ve THE DURW: ETS APPLICATIONS 


at lent cyual to the ascrage tor the Aru, the nec 
for she special slower vaining and for special athcers 
cali} he charged, px : i ett 
cient averall use of the nation’s manpower. 

Nothing i cotahac experience bas dudicatet to 
OSRD observers chat, with comparable ofheers aud 
tyaining, Neproes da nat make assatisbactary DUKW 
efews as white perertel of equal LG. La sate re 
spesis, they are probably more satofactary. 

A partie: lacdy signitseant sclioal was estabfishedt at 
Fort Ora, Cadijurnia, at dhe vequest of the Connnan 
ing Generel, Second Ampliibian (ater Engineer Spe- 
Chath) Brigade, where OSD persomich sec up and cass 
rie out an itkensive taining codase curing the 3a 
days prior to che sailing of the brigade. During these 
nights, the ordnance depen, under the supers iston of 
GMC personne), modified the 50 DUKWs ad 
brought them up tw date, 

“The Gest uvetscas URW school was ser up be 
Narth Aftica ie Aprtt {943 co (rain wits for phe rom 
ing Sicifian apendion, One office: front this school 
continged his work fates on Sictly and in ttaly, ain 
ing hoth American and British DURW companies. 

Vhe Chief, Contbined Operations (British), Had 
shown an cavly sppresiation of tie powntial value of 
the DUKW, aud, at bis request, OSRE. persontiel as- 
sivted int scttiig ap a training prograns in May 1943, 
“heir specific mission wis to train a cure of 56 offi. 
cers ae noncommissioned abicces who would carry 
on subseqrent DER W caduing. Dig test and prittce 
pal work of this iavtructar cadre wits ty he the train 
rg ota WOvchick: DUR W company ¢ deh was ta be 
tised ita the Sic ili dandisgs in eardy Faby, 

The school was sect up at Camp Dundonald, Seot- 
fanddl, but titaing Trad oo be sta ed before the arrival 
of the Grst DUR Ws. Accardingly, sone 24600 tricks 
were borrowrd ane’ used to give as mudd airing its 
powitble before ike wirtval of the fit DUR Ws. Actus 
alfy. nk two DUA W. arrived during the pericnl set 
for caddie trataing, wort these arrived auly 2 days be- 
tore the termination of this period, Since mhese ve- 
fide were intended fot sousbat in the very near 
tutti, act tition difficaltion were Giused by the ne 
sessity of checkiug: aud sersic dys de vehicles apan 
their arrival, 

USK penenucl continued the work al sraining 
and indiatination right ap to tie last monient, in 
Chahap sme drier vainig given on the fistal trips 
ont ta die Gansperts on which the DEK Ws were te 
bs faded, Ship personnel were ads ised on, the cone 


wieiods of handling DORWs, haclucing the cariy- 
ing of a neimbea of DUKWS in davis, She night be- 
fare the departure af the couvoy, a doven A-fraines, 
invaluable Jater in unloading artilery fran: DUK Ws 
during the initial landings, were made under mie 
sups vision of OSRD personnel and delivered by tie 
last DUE to be loaded aboard. in view of all thix 
pressure of fine, mcs credit should be given to the 
BURW cews, who performed well when they par- 
ticipated iu dhe operation for which abey had been 
traiaed, Se great was theix interest in their assigay- 
rannt that they teok every available moment durisg 
ibe pitsayge to the Repetto study written neuerial ott 
DUK W operations and maintenance, 

fates, when the Chief, Combined Qperatians, hat 
become Supreme Alied Commamter, Southease Asia 
Gammand [SEAG, he requesied OSRD te assist in 
setuing, up a DURW school in India at Juhu, nea 
Bombay, i Decenrber Wa. AL this school, several 
Royal Any Service Corps RASC) campatios wore 
traived for subsequent operations on the Arakan 
coast of Brmsa, Personnel of these units bad already 
driven necks on ube rugged terrain of Iraq and lran, 
and sey developed into excellent DUKW operators, 
An OSR)) represemtative resided at this whool for 
ayere than a month, and during cht tisae Iatrodaccad 
the DUKW muering syem, the transportation of 
asiftery (principally the 25-poundder), the DURW A- 
franw, (he hog trough, the DUR W carge palet, and 
oun tcchaignes and equipment previeusly wafay 
uniar to Brosh PSKIY units in Indias DURW 
Mmagnemince procedures were saodified: lo contort 
with the British Agony “Daily Task" maintenance 
syst, fir addition, several domonsuations were 
staged ta indocwinate the Canumanding General, 
Shit British Indian Corps, and other statt ofhcers 
with DURW capabilities. 

To che micantine, the lature powibities of the 
DURW in Pacific operations had becowe apparent 
te some Auucrican stath olfewrs, At their request, 
VARD pesonnel went ta the Eidive tands in Sep- 
tober IMS te tam Marine Corps DUR W dyivets 
for a special misvion--the handing aC Varswa, On the 
basis of tater operations, it appears that DUK Ws 
world andoahtedty Rave test of prime value rhere 
in (raverstug the offhiore eels whic proved ta be 
such au obstacle to the cone ational landing boats, 
Unioriunately, as noted below, the DUR W teas nat 
inchaled inthe fb araws operstion. 

In catly Moach 1th anpbibias track companies 
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were aviving in England preparatory to the invasion 
of France. ‘Vhese companies were badly in necd of 
training and other assistance in preparing for combat 
operations, and, accordingly, a CC DURW schoul 
was started at Muiibles, South Wales, on the initia. 
tive OP OSKAS ane British Navy cooperated in inak 
iug available 2 ship, complete with crew, fer mooring 
aad cargo-handling practice. “Phis ship was used day 
and night in the intensive evugrain accessary to Gain 
a large number of men in it short time, Fortunately, 
the Bristol Channel was reugh during most of the 
(raining period, thus giving the students expericuce 
and confidence ina type of weather vastly ditlerent 
from the mild conditions at their school on the west 
coast of Florida, 

Ju the meantime, anether school for British Army 
DUKW companies was vraining unis at Towyn in 
West Wales. At the request of Headquarters, Com- 
bined Operations, this school was visited on several 
occasions by an OSRD represeniative in order that 
British DUKW training could incorporate the latest 
operating and maintenance techisiques that had been 
developed ia other theaer, Miso, at the request of 
Headquarters, 2ist Army Group, visits for the indoc- 
vinaton of the command, were made to British 
DURKW companies alte. hein aaining amd to the 
headquarters to which they were attached, a points 
where preinvasion excrcises were being held. 

hha addition to this wark, an OSRD representative 
wis also responsible for giving Listaninute hatining to 
sin Negro companies which had arrived trem the 
United States only l0 days before D-Day. Phese com: 
panies were being staged near the port of Cardiff be 
fore shipment for the Frenci iavasion, Several of 
their officers reported to the port commutid to which 
they were atached dhatalniost the only DURW Gain 
ig their men had received was aca DUUK AW scliaed in 
the United States, where they had been takes tor 
tides, about ES men tag vehicle, with an instructor at 
the wheel of the DUKW. 

One offi er in the port canine 
tamined drat these compa 
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des past receive: more 
training, Bowever brick, and requested aid fons the 
OSRD man in charge of DURW taining ac the 
Ameria RUKW school in Wides. Since the work of 
this school was adimost finished, attention was Gatis- 
ferred immediately to the six companics. Fostunatels, 
they wre alrcaly assenibled on the dunes neat Porc 
cawh onthe Voish coast so the staging area was con- 
sertod inte a Gaining aca hy the addition fa Datch 
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cousting vessch which was borrowed liom ihe British 
Navy and anchored offshove. Dhe weather was cn: 
tremely rough and the swt considerable, making it 
possible to give valuable eapericnec to Negro drivers 
whe had never belore been wt the wheel of a DURW. 
By vatue of roundahe-clack Gaining of the mast in- 
tewsive variety and the farsightedness aud coepera- 
tien of the responsible EC orhcer. Uie men were pe 
pared lot thea mission at least to same extent by the 
time they were loaded onto their LSV's for Normandy, 

Wich the ever increasing demaidl for DUR Ws in 
the Pacific and the complexity of the missions they 
WET CX PCC ted to perform there, the need for an “on: 
the-spot” scheol became apparent bu dhe summer of 
19-4 Dhe istand of Gahu, with ity many facilitics and 
ity position as Headquarters, Pacific Ocean Areas 
[PGA}, was selected for the location and, with the aid 
of OSRD, the school way setup by the Army Port and 
Service Command at Waimanalo on the east coast of 
the island, an exccllcin site icon porating coral rect, 
heavy surf, and soft sand. A picr was constructed with 
three cargo hatches and booms to simulate shipside 
conditions. Close liaison was maintained with the 
ordnance office, and yaluable cooperation was re 
ceived in the preparation of vehicles tor combat and 
in the vapid comrection of mechanical deliciencies 
that developed curing taining. ‘This school con- 
ive to operate up to dhe enh of August 1915, pro- 
viding Gaining net only for amphibian drack cam. 
panies and bacation headquarters but also for many 
othe: DURW operating units from ue Navy, Marine 
Corps, Mainy Air Force, Signal Con py, and Field Artil- 
levy (Figures 3 to 6), 

Phe record of wartime DURW taining would sug- 
gest that if any future large-scale training of amphib- 
ian uuits should be given ou the mainkind, tae pro- 
gram should be arranged so that che units ave reads 
for combat when thes aie shipped Vhe viilitan uve 
ob the DURW provides outstanding support tor the 
asxion that a piece af equipment, nos 
AY agat peek boran publi it aped- 
ator is well Gained. In every case in which DURWS 
were ssucd to untrained penotutel, the resalis were 
upforhunate, 
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422 Training Aids 

Another phase of DUR W raining and indocn ina 
i wa which OSRIVplaved a part was in Uae prodsie- 
Hon of photographic mat ids. Under OSRD 
tlirestion, both still and mietion pictures were made 
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Faovat $. DUKW dtivers in titining al Wainanato school, Oahu, navsperting (Oh wor howiver. A-frame DUKW 
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of all the curly tests and demonstrations in Ue United 
Sines, and by die begiuning of 1943 dere was sulli- 
cient material im make an album and a film, Copies of 
the albuur were distributed to ierested General 
Siall Corps ollicers in Washington, lo ether officers 
chewhere in the Unired States, amd ta the overseas 
headquarters of the theaters of operations. The fils 
was nude tor the Joiut Counniltce on New Weapons 
of the Joint Chieds af Stal and was intended solely jas 
a visund means of demonstrating she strategic poten. 
Nialities of ibe DUR W to General Stall officers unable 
16 Wittiers actual held dosmonscrations, In addition, it 
proved to be a useful training ait in the orientation 
ol driver suudents at the DE KW traning schools, 


neo A fate Gan be setup by ting hawilver arrives on ‘ywre. 


Tn April 1948, OF RD was requested by the War De- 
partment to make another hhn® intended purely for 
training purposes. In addition to sequences showing 
various DURW aperations, such as atooring, winch: 
ing, and Adraming, this film used scale models to 
Ulastrate some of the mechanical details 

Before this film was completed, the U.S, Army Sig- 
nal Corps went to the DU KW school at Charieston, 
South Carolina, in May 1943 1p make Film Bulletin 
No. 26 on the DUKW, to be entitled “DUKW, the 


* Phis tlat was picparedt by the Museum of Science and 
fonlustry. New York. No ¥., as subcontractor 1 Sparkman & 
Stephens, ine. New Vouk N. ¥. under OSKD cantiadl OEM 
Ut 
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Fiver 5 DUKW. chiser brings his vehicle out of coral reef on to boulder-studded beach during uaining course at 
Waimanalo. Instracto. watches ium beach it lookout on bow guides bis dziver. 


Seagoing ‘Truck.” Although this was to be prelini- 
nary to a full length waining film, an aempt was 
made to pat as much training value as possible into it, 
An OSRD representative was requested first to advise 
an it production and subsequently to provide the 
accompany ing commentary. No full length training 
film was made but this film bulletin was used ‘at 
DUKW schools in the United States and overseas. 


<5 Publications 


The first official publication on the DU KW was the 
Operator's Pechnical Manual, TAM 9802," which was 
published itr October 1942 and revised twice before 
the end of ihe war. Vhis manual deals mainly with 
hight and racduim DUKW maintenance, and a copy 
is included in the auailiary cyuipment isucd on 
esery DURKW. Several cditians of 2a Service Parts 
Catalog for DUAWS, SNI. G-501, were also issued 3 
a copy being included with exery vehicle. 

As soon as some of the catls operating procedures 
were de wid, OSRD pradueed a pooklet of 
“driver's hints” in December (942, with a revised adi- 
uon* issued it the spring of J904. In the absence of 
any other -perating manual for the DUKW, the Ord- 
nance Departuent waived regulations and carly in 
1043 authorized the manufacturer to place a copy of 
the December edition in dhe nap comparinent oF 
caen vehicle. 

The ing. need for amare conuiere operarar’s 
manual wats soon evident, however, and in March 


1943, Field Manual 55-150, dinphibian Truck Com- 
fany, was written for the ‘Lransportation Corps.” 
Unfortunately, this publication was not issued until 
November and it was several months thereafter be- 
fore copies were distributed in the theaters. fn the 
micantinic, many n¢w operating wehniques had been 
developed, and many parts and controls on the 
DUKW itself had been changed. \ new edition, 
therefore, was drafted in the spriig of 1944, but again 
there was a regrettable delay, for it was not distrib. 


Ficewt 6. Cutaway model used at Ouli BE KRW «hood to 
demonstiate nian teduaes not easily viable on obey 
prodtation whicke 
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uted overseas until carly 1945, wher st, too, had be- 
come ont of date. 

Contrary ip exprctations, it was found chat ur 
gently needed publications could be produced over: 
seas with far less delay than it Washington, even in 
spite uf the scarcity of printing laciiies. On Oahu, 
the manual The DUK I-16 Ofreration and Uses? 
was drafted by OSRD personnel tor Headquarters, 
POA, in Jaty September 10445 a month later, copics 
were being isued to DUKW conspanirs as they com- 
menccd waiving. In March 1945, a reprint was pre- 
pared at Manila in a matter ol days dor the benelit of 
companies in the Philippines. A monch laser, it wax 
decided te bring the manual up fo date with the latest 
doctrines and with information on the curent modi- 
ficutions, and in lew than a month this new editions? 
was in the Rela. 

Besides these operator's manuals, numerous special 
instruction sheets prepared by OSRD wete issued to 
the using Serviies in the field, generally in mimeo 
yraphed form. Thes dealt with such items as main 
tenanee, the mooring system, operations with LST's 
and LAMs, stowage in ship's davits, transportation of 
the 105-tum howitzer, use of the 45-inch beach bar- 
rage soxker, DUKW rontrol, and coral operations. his 
addition, several technical bulictios summarizing the 
Yatest Reld modifications were issued by use Ordsance 
Departurent, 


tua Special Techniques 


Avaresult of its versatility, the DUKW was used by 
many arms of the Services on a variety of yissions and 
vader 2 variety of conditions. For sich missions to be 
su cessful, caretul study ot ie DUKW!'s Htsitations 
aud a Call realization of ite poteutialities were neces. 
sary, and practical standard opecuting procedures 
hardlw be developed. Even for is primery hetction of 
unloading ships, special rechmignes nesded to be 
evolve ta cnable the DURW to yield the most satis- 
factory results. The mest jorportaat of these sianderd 
operating procedures. as developed by OSRD in co- 
operation with the Armed Services, are described 
below. 


Leen tcat Prorengues 

Cargo Sinwage in DURKWs. In order that DUR Ws 
will be operated ine seaworthy oudition snd uhat 
ety chassis wilh not be subjected to undue strain 
when driven over dilheule serrain, the amount and 
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positioning of care ptust be carefully determined, 
Such a determination must embrace the following 


, see and surf conch 


factews: type and bulk af ca 
dons, beach conditions, distance of land run, and tee 
rain conditions. “The maximum sale weight of cargo 
for a PUKW can vary anywhere between 2 and 5 
tons, depending upon these factors, The technique of 
DUKW toading should dicrcfore be baved an the ad- 
vies of persomitel expericnced in DUKW upcrations, 
This is praperly onc of the functions of BUKW con. 
trol described below, 

BUKW Mooring System. ‘She DURW mooring 
systemt was cleveloped in the carly daya of fied tening 
during lace 1942 in order to erable s DU RW to moor 
at high speed alosigside @ ship at a fixed point and to 
remain steadily at that point while receiving its load. 

The system is based on the use of single spring 
Kine leading astern to the deck of the ship. ‘Fhe power 
af the DU KW mator is used to hald che line taut after 
it is secured to the DUKW. The rudder is turned 
away from the ship. thereby holding the DUKW 
alongside and directly opposite the hatch yo he un 
foaded, 

‘The spring line is made of 314- to 1iach rope 
about 100 feet long, with the forward ond af the fine 
cartyiag a mooring hook which is cngaged i the 
DURW snoorirg eye. A messenger tine leading to che 
deck of the ship direatly above the mecring position 
is fastened to dhe spring line at she hook ens, Iss order 
tu allow the driver sufficient time to weure the hook, 
the Sines are rigged so that the ypring line has about 
40 feet of slack when it is not itsise, 

Originally, the systers called tor rigging a heavy 
guest warp along the side of the ship, with tin DUKRW 
spring Lines cuached te it, Field experience, however, 
showel that the guest warp is not necessary and can- 
sequendls the spring tines are led directly from ou 
deck (Figure 7}. Except for this one siniplification, 
the original technique has reoained anc hanged since 
its inception and all DUKW personnel received rain: 
ing ta its use. Whenever possible, DURW companies 
equipped thonselves with lines in prepavation for an 
operation, since it was found that, decause of the one 
familiarity of Navy and stevedoring personne! with 
the system, it was preferable for the DUKW units to 
provide and rig the lines themselves. The rigging of 
all five harchesafa Liberty ship in this uranacr takes 
iwo tuen fess Hau 10 minutes. Navy approval wis 
eventually wranted, the system was included in the 
U.S. Navy Pranspart Docs ae published in if by 
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Ficurr 7. DUKW using approved high-speed mooring wa- 
tem, which involves single stern spring line and pawer of 
DUKW Is waiting to move into posttien as 
socn as first DUKW is fully luaded and cast off from 
apring line. 


the Amphibious Forces, Pacific Fleet | AFPF], and ree 
ognition bevame more yenaal in cach succeeding 
operation, in addition to the advantages already de- 
scribed, it wis found that this system gives the most 
satisfactory resully in heavy seas and that it can alsa 
be used to advantage by other types of landing craft, 
such as LOVPs and LOMs, 

DUKW Control. No matter how well-rained the 
drivers, the effectiveness of carly DUK W operations 
was often greatly hampered by lack of understanding 
on the part of higher authorities, Improper use of the 
DUKWSs usually resulted in wasting their potential 
Carrying Capacity, someditues i Causing maintenance 
to run unnecessarily high, and occasionally even in 
the total Toss Gf the vehicles and ther cargo. The ques- 
tions of which missions DUK Ws should perform and 
which they should not, how much carge they could 
talely catry, how many DURWs ate necded to keep 
as hath operating at maxinuin capacity, aid airy 
other similar problems cailed for operational contro) 
hy peisonnel © .pericnced in DUK W work. 

Accordingly, OSRD developed and recommended 
a DUKW-control system which required the actual 
contol work to be doug by athcers in the DUKW 
companies. Contral points were setup at the beach, 
atthe dump, on the ship, and in the parktsg areca 
Traffic was diypatched at a coutiol center or com. 
mand post through which had to pass all requests for 
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DUKW dispate hing. In small operations, this control 
center could be run by the commanding officer of the 
DUKW company, hut in an operation invels ing sev- 
eral companics. it was recommended thas DUKW 
control be under a battalion headquarters. 

fy all cases when a proper DUKW-control system 
was ued, much higher tonnages of cargo were moved. 
Uwe ol auch a system meant thar DUK Ws would not 
be assigned to miasians for which they are not suited 
and that thei amplubious qualides would vot be 
sqigadroed in long land hauls. At the same tinae it 
ped ldedt kyghet authority vith accurate information 
eter decemary on DUKW performance and dis- 
pinition, 

Operations vith Landing Ships, Inthe later stages 
ob the war, landing ships, such as the LST and LSM, 
becaine increasingly important in transporting am- 
phibians to the scene of their assault missions. While 
it would have been imprudent for the Navy to bring 
its larger transports close to enciny-defended beaches, 
it appeared that these more expendable landing ships 
could approach within a few miles, where LV 1s and 
DUKWs with artillery, assault oops, and other high 
priority loads could be easily and speedily discharged 
into the sea. 

As with many other techniques involving DUKWs, 
however, some difhcultics were encountered, first, in 
corvincing the using Services of the practicability of, 
this operation and, second, in instituting the proper 
indoctrination, Even after Uns techaique was 
adopted, several serious mistakes were made. When 
the pads recommended for the lower corners of the 
ramp curbs were not used on the LST s and LSMs, 
DUKW hulls were often pierced; DUK Ws were in- 
correcdy loaded on stern first (Figure 8) and propeller 
Kuards and pintle hooks were consequently damaged 
onthe ramp as the DUR Ws drove out bow fist: be- 
cause of overloading, several DUK Ws were sunk as 
they descended the steep ramp into a rough sca. 

Frequent demonsg ations were staged to prevent o1 
ininimize these accidents and fitezature was distrib 
uted as [reely as passible. Operations with landing, 
ships wer incorporated by OSRD into DUKW wain- 
ing programs, not only for the benelit of DUKW 
crews but for Navy and Coast Guard personnel as 
well. Eventually, as in the Gise of the DUKW moor 
ing syste, the standard operating procedure was in- 
eluded in the Navy ‘Trausport Doctrine of AFPF 
(Figure 9). 

Evacuation of Casualties. Special although quite 
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alge from land vehide to landing boat—a move chat 
with bad surf or eel conditions, can be hazardous to 
a badly wounded man, Moreover, because of it. ox: 
tremely low center of pravity, die DURW iy far nore 
stable than a boat and consequently does not subject 
casualties to such violent motion in rough water, 

When LSTs are used for hospital work, DUKWs 
can drive up the ramp while the LST is afloat. The 
casualtics can then be vansferred to the sick bay di- 
recdy from the tank deck, 

Coral Driving. ‘The development of a technique | 
for driving over Coral, one of the most important tech- | 
niques used in DUKW operation, lity been described 
in another chapter.” 

Underwater Work, “The DUKW proved useful in 
salvaging sunken supplies and equipment and in re- 
moving underwater obstacles from important chan. 
nels. The DUKW air compressor will supply the air 

fo sea. This technique is iconect. DUKW should: be necessary for a diver, and an A-frame may be used to 
Joaded on bow fet so raise heavy loads to the surface. For shallow water, an 
the posal bility af damaye adequate diving mask can be improvised fram the 
or propeller, A . 

standard service gas mask (with canister rersoved); 

ney : . ss for greater depths. however, a more claborate helmet 

simple tet hniques WO eve HOUSE: the bu KW Apr shen seadails be used, Weights for ballast may be 

ansporns. heel dries helt dressing SHUN 10 secured to a belt which can be easily removed. If es: 
hospital ship (Figures 10, 11, 12). With such a system, 

caysalties do not have to be wansferred at the water's © See Chapter 3 in this volune. 


Ficurs §. DUKW discharging trom tank deck of LST 


Fever 8, DURW loaded with 105-mm shells. leaving 1ST off Noemfoor Inland. Offshore reefs obliged landing shit 
tu temain alloat while ihey were discharged by DUK We which drove up ramps onto tank decks. Hasing backed aff. 
DURW is about to fain and head for shore. hiv demonstrates vorrect sseem of discharging. (Compare with Figmie 8 
which shews DUR being thisen aut bow fit.) 
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ceptionally heavy loads, such asa vehicle, are to be 
raised, additional flotation can be obtained by lash- 


ing several DURWs 4 


RT, 


Tacnicas, Pecunigues 


Transportation af the J9-nan Heneitzer, Oue ol 
he snost valuable tactical uses of the DUK W was the 
landing of the 05ann how accr indie early phases of 
ananaul. By this means, batteries could provide sup- 
porting hire to inkautry troops many hows, if pot days, 
detore it could be given by other wicans. ‘Vhis tech- 
Nigue Was Heed in pany actual aperations aud was 
adopted by the British for the 25-pounder, the Britiah 
field artillery counterpart ol the 105. Lewas in Pacihe 
bland warfare that (he biost important results of this 
method were obtained. ‘There the surprise element 
was capitalized to its fullest extent by fanding dre 
astiflery at any point on a coast fronted tar many 
miles by coral reefs. 

Although the technique was developed and dem- 
onstrated under the supervision of OSRD in Novem- 
ber 1942 and used in Sicily the following sranmer, a 
year passed before any interest in it was shown in the 
Pacilic Uheater, ‘Then, at Milne Bay in New Guinea, 
a Marine Corps arrillcry battalion was wained in the 
teebnique, and a doll dress demonstration was 
staged amder the supervision of OSRD  persaniuel 
(Figures [3 and 14), Pais tesalted ina decision by the 
Marine Corps to use the DURW together with the 
LVT, so that in a typical landing the assault troaps 
would be landed by LV Is while dic DUK Ws would 
bring in the artillery picces and subsequentis keep 
them supplied with ammunition. 

Army amphibian truck companies, speci Qained 
iu the technique of handling howiters, were there 


Frotae HE Bassa aj titivis for inp laser on DER W. 
Hales of tap Hew Gar cither be lashed wih bene or 
scained by plywood litter athe which ave paatidert on aif 
dates DUR W inodels. 
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DUKW daring demonstration for 

an Oaba. Botan: Laver of six Fitiers 18 compel 
of top layer is about persed ap. Space is left for tw 
aticntants. 


attached ta Marine artillers units ler che assault 
phase ef the operation (Figures 14 aud 16) and, in ad 
dition, Marinc DURW companion were activated Tor 
each of the six divistous, At the dane of Japan's sia. 
render, several Marine Corps aniphibian tractor hat 
talions were in the proces of being converted fato 
DUKW battalions. 

Secarding to this technique, whether dhe DUR Ws 
are ci oyed by the Marine Corps or the Vey, i 
was ceconmended by OSRD thac dhe veltictes serse 
with the field artillery battalions, Maethe portot cm 
barkution. ty are preloaded with the howitzers aiid 
approximately V4 rounds of ammunition. Some of 
them—~usnally cue in five-are equipped with \ 
frames fav uloading the aritlery after it has heen 
landed, Phe sarmal gin crew accompanies its picer 
inthe DUBRW. When unloaded, the DUR W becanies 


Kase of six divters competes tonal of V2 
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tuned bossy eet be 
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Fuge 18. During OSKD-initated demonstration at 
Milne Bay, New Guinea, U8, Marine Corps artillery ix 
unloadedt (rons one DEKRW by anadhe: DURW equipped 
with A-frame, 


a temporary prime mover until the conveational 
prime mover can be landed, Ohserviaions under cont 
bat conditions showed that a well-trained team can 


fievar 15. 105-von bow ieee with combat wheek towed 
in DUR W. huning demonstation on Ova, 


fiers Of GSRD Initiated demonstration, Miine Bay, 
New Gules, 105-mm howitzer Is lowered to ground alter 
being lifted from another DURW which has moved away 
and ib waiting to tow piece into battery position, 


rig the Aframe, univad the piece, and hitch it ro the 
DUK W pintle hook in less than 75 seconds, 

Rocket BURW, Use of the DURW as & source of 
amphibious beach barrage rocket fire power is de- 
scribed in a following chapters his use was first pro- 
posed to the Conmmanding General, Secand Engineer 
Amphibian (later Special) Brigade [ESB} at Fort 
Ord, California, in February 1918, and cquiynnent 
developed ia colaboration with Division 3 way seat 
eat with him wa New Guinea. Che cquipment was 
later supplentented by four completely redesigned 
12G-raii, bS-ineh yocket launcher mstallations 
equipped with motor-driven drum switches for con: 
trolled ripple fire. On arrival in New Guinea in Sep- 
tember 1913, OSRD personnel found that this ulficer 
had not yet been pernnitted to tse this weapon, Rep: 
resentations were mate and, although it was impos: 
sible beranse of wansportation difficulsies to move 
the rocket DUK Ws fram Gro Bay where they then 
were to Milne Bay in tine for a formal demonstra 
tion, they were nevertheless included in the demon 
stration by token. When the troops putting on the 
demonstration were ac has a force for the lind. 
ing ar Arawe on Dicember 13, ovo of the four rox ker 
DURWs provided Gose supporting hanage fie. in- 
trodacing this 6 pe af supporting fie to the Sauth- 
west Pacific (SSOWESPAC]. “‘Phese fony vebticles con- 
tinued to supply beach barrage fic uml they were 
replaced by larger rocket Handing crak. 

Operations in Ua posstble” Canditians. OSRD 1e 


SSey Chapter li in this tainme, 
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- OSRD re- 


peatedly painted out the part that DUKWs could 
play in achieving strategic surprise by landing at 
points where ibe presence of heavy surf, ecval, or off- 
shore sand bars had led the enemy to beueve these 
coasts secure from attack. Since DURWs with well- 
wained operators could safely negotiate a surf as high 
as 15 feet and could cross jagged barrier reefs and 
multiple sand bars, it was evident that the greater 
portion of enemy-held coast lines lay exposed to the 
possibility of amphibious assauli. 

This technique was never fully exploited, although 
it was used in part at some points on the coasts of 
Sicily and Notmandy, at Tinian, and in the Ryukyas, 

Evolution uf Amphibious Assan Doctrine, Begin- 
ning with an amphibious vehicle designed primarily 
to expedite the discharge of Lend-Lease cargoes in 
congested harbors, OSRD worked with many officers 
and commands in finding new uses for the DUKW, 
including importunt tactical roles, which later be- 
(ame paramouns Finally, in clasest collaboration 
with theater forces, OSRD worked out a doctrine of 
a coordinated amphibious assault which had these 
features: 

1. It did not require sea-lift by vulnerable AKAs 
and APAs but used hard-to-torpedo LST's or other 
ramp landing ships. 

2. It provided close fire support by rocket during 
the period immediately preceding and following the 
assault. 

§. It provided for mounting the frontal assault in 
LVYs, carrying 75's and Hame where neccesary. 

4. Tt provided supporting fire by 105’s brought in 
by DUKW, 
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5. It was stipported logistically in the assault phise 
by DURWs. 
This doctrine was tise proposed ina series of con. 
tercneces (aed by the Conmancder-in-Chief, Pacific 
Flect (CINCPAC] at Pearl Harbor in August 1943, 
when it was presented as beiug applicable to the im- 
pending assault on Tarawa. It was rejected by AEPE, 
Tt was first demonstated at Miluc Bay in November 
1913, where it was adapted by the Cammander-in- 
Chief, SOWESPAG, who fast used it at Arawe in 
December 145. The use of DURWS to transport 
108’s was adopted, probabiv indepeudently, by the 
Seventh Division for the assault at Kwajalein, In the 
end, the general theory of this assault, modified by 
substituting farger rocket landing cralt for es ocket 
DUKW, became standard throughout the Pasilic. 
Vavious groups, presumably independently, worked 
out the same ora similar general doctrine. 


4.3 MAINTENANCE 


43 Spare Parts 


‘The etiorts of OSRD to insure that DURW units 
ovencas would be adequately supplied with spare 
parts were largely unsuccessful. ‘These efforts began 
in Tate 1942, when a proposed list of parts te be 
shipped with every vehicle was submitted to OCOD 
and to the manufacturer. “This Hist received joint 
approval, but it was not until almeast a year later 
that any spare parts began to be issued with DUKWS, 
and even then they represented only a small propor. 
tion of the items on che original list. While this initial 
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ince was uch in that ine fuded such miner drones 
aS gaskets ad spark plug, i contitined fey of the 
major ems peadiay ir. “parry pecubian’ tee ihe 
DUKW, 

fu the mramane, satisfactory chansels for preacur 
dy parts overseas were nonexistent. ti fact, far same 
rbeaters such us the Mestitenrateant Treater af Op- 
erations [AELOP parts were never even shipped. fa 
seme other casey, paris were actually shipped to the 
theaters, but even then they tombe tp tose their 
entity ia ordnance supply warehouses and dumps, 
OSEKD pemomed sade frequent and strong recat 
mendations to ardmamnce authorities in die Uuitedt 
States that a stidy be isde al a more satinactery 
DUKWE parts supply system, One suggested solution 
way to ship a day supply af the migjer parts pec 
liar with every DURW, a recominendasion which 
wits codoned hy every theater headquarters when- 
ever proposed, Up to the ood ol the was, howeser, 
there weve many instances when DUR Ws were dead. 
Lined for weeks at a fire lor tack of parts. 

“Tits conctitions ted ta sone very anarthicatex: meth. 
ods al etuergeacy parts proQrenreat in she forward 
aren, Navy and Seakeo personae) were most cv pera- 
live in providing the facilities of their suachine shaps 
fox the fabrication of such marine parss as propellers, 
properly shafis, bearings, asd rudders. When sactt 
assistance was por asailahte, land vehictes aud Nasy 
Janding crads were canuibaliced as inuch as possible; 
in sume cases, parts dor DUR Ws were adapted fren 
parts on British, Australis, ad chen Japanese 
trucks and landing at. Aud. asa fast resort, other 
DUK Ws were cannibalized. tt should be poimtit 
put, bowever, that while the canmiidizacian of sw 
veyed eyspsent Gus someties be jtidied on the 
gromds that it reduces denuands on shippiag, the 
camnibalization of scrsviceahle equiputcat merely 5e- 
stilts itt dhe gradual extinction al the operating (eet. 


ia First and Secoud Echelon 
Maintenance 


Karly Grlet expetionce sou proved dat the suiac- 
what oserchabatatie distractions orginal: issued far 
DURW taaintenance were not satifactons. Fr owas 
learned that better revolts coubd la obioined whi ss 
a chiver ar mecbana was asked to work with a chok 
Viet of anh tbe essential mainivuanie ditions te br 
pofooned, cab thas with a dong fist including 
Massy usin por hue dtirs. 
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Accordingly, simplified check Vite woe make ap 
Sor daily driver mamatenaare, weekly snaininaie, 
C 


sramge. “DPhese lists were disspih 


and ¥ 
uted to Con aatics Undergoing taining oserseas and 
even (aun that had been in operation for sun 
tine. Favorable reactians were recvived tram the 
conapiary others and sien. 

Later, these mainioname instructions wore ap 
proved by OCOD andl printed on fasteuctions phases 
which wer installed on abe dashboards at sll 
BUKWs. 

twoorder Co redace mechanical fatares due to die 
cotsasive action of salt water as nich as frnsshle, 
many extental parts of the DURW required coat ings 
with protective maierial. 

As pointed out in Section 4.1, this wark should 
Dave Deen done m all case the maintands astaails, 
however, it was done in die ficid except in a few cies 
in which « tespanyible ordnance officer ata poctat 
clubarkation, convinced ot tie imporwarce of his 
wark, wadertagk to lave it dane before shipping, ve- 
hitches to a theater of operations. Garcqnenth , the 
waterpryohng of carrodible pierts became a vital hone 
don of DUKW units aserwas, and dbivers wee 
trained wheneser possible in uhese duties ay a pitty of 
their pounsal {ist and second echetan work. 

Tuvitses iss whith OSRD was unable to inde crise 
DURW anits in this work, or de which Cite or rate: 
riak were net available, serious corvasiate resselted, 
with a consequent Iter increase in bravy mainte: 
vance and spere paris teqiddrements, and a reducdon 
in the aperating Jife of the cht fe, 


44 MILSTARY USk 
“4 General 
Approsimateh 94 per cont of all DUR W opera 


tian were conducted by DURW conepanios, “The 
Kreat srajorite of these waits we. atnphibian uack 
cnnpario at tie 665. Atay Praasportazion Car. 

“Phe “Hable of Organization {1} strength of 
suck a contpiins wits fase sec at ETH enlisted men and 
& ofteers, with 2 captain as conuaanding alfeer, bat 
ta Miey TAL this was changed 10 173 entisted men 
and F offers. Rach compan wos beard ad ORs 
aad was designed ta operate cn a round thes tock 
basi, hut in actoal operations dis orgamiationat 
strength proved inadeaierte. Lowas fort that for 
efieiont reund-thedetk aperation, a thonetical 
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strength of 4.2 men per DURW is necessary. “This 
would give an amphibian tuck company a 1/Q 
strength of 270 mien; at Jeast 15 of these men instead 
of the If as now prescribed should have mechanic's 
tating. 

With good operating conditions, it was expected 
that a company could haul cargo at such a rate (hat 
a 10,000-ton Liberty ship would be completely diy 
charged in 72 hours. in practice, however, prancipally 
because of delays atthe dunap: and afso because of 
enemy action and other factors beyond the control 
of the DUKW company, such a rate was vary rarely 
maintained aver a period of more than a few hours, 

Beginning ar Sicily in Tune 1943, same DUKW 
companies were organized informally around a bat 
talien headquarters, Early in 144, amphibian truck 
battalion headquarters were activated in the United 
Stats by the Transportation Corps and were in- 
valuabiy in large operations, vot only for handling 
a large proporcion of the administrative work of die 
companies but also for acting as a highee headquart- 
ers Lo control the DURA operation and to keep the 
operational aud inaintenance records. A battation 
headquarters consisted of 12 cntined men and 4 
oficers, 

Marine DUKW units, known ay U.S. Marine 
Corps DUKW companies, had au organi. ation some 
what similar to that cf the Army amphibian track 
companies, but a larger number of mechanics was 
usually alowed, thus enabling maintenance rates in 
Marine companies to stay well within the prescribed 
figures, 

The British Army DU KW conipanies were formedt 
from RASC general uansport companies. These 
units were composed Of mon with qualitu ations jar 
higher than were required by the 0.5. Army dor a 
similar anit. Every man was selected for his driving 
and iiechanical abilities, and the diver mainte: 
vattce duties in these British companies were far 
more exacting. Rach companys fda stremgth of 170 
may anil was iued 120 DTIRWS. together wish 2 


Mare represending it 1G per cent overstrcngih. 

The remaining 1@ per ccot of DURW operations 
wot performed by VER W companies were accanuted 
fon testy by odd vebictes attached! to divisions on 
aperated by bsttaliaus with special missions yo pet 
form, Only a few DUAWS were operated In the 
Scabow or other Navy personel, 

Seis well ate this time te podnt our phe shisaly asupagies 
wider which DURWs operated when set ina 
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DUK company In such cases, the operators usually 
had nat received adequate training in either opera 
tion or maintenance at the vehicle, Phey were likely 
to encounter Unusual dificuities in the procurement 
ot spare parts and special wols. Also, it gencraliy 
happened iu such cases that the DURWs wee ay 
sigued to the wit without additional penomiel and 
therefore the drivers were expected to maintain and 
operate their usual organizational vehicles in addi- 
tion to their DUKWs, Consequently, not only the 
DURWs bat all the vehicles in the unit suflered front 
tack of pro oer maiutename. 

The final argument against this method of operat- 
ing usually became evident at the completion of the 
inission for which the DUR Ws were procured, wher 
the anit naturally fost all interest in chem. Mhey were 
lefe unattended in the parking area or turned itr ta 
some ordnance company, where they speedily de- 
teriorated frou salt water corrosion until they Sere 
nw longer serviccable, Had an amphibian mack com 
pany or platoon been attached to the using wit for 
the performace of the mission, the using unit would 
Kiave been retieved of the vespansibilities af DUKW 
maintenance and similar problems for which thes 
were rat equipped. Then, at the termuinatioa of the 
lnission, the PUR Ws: sill with their regular drivers 
and mice hanics—could have reverted to thei warned 
cargoJumdling missions. 

fr conc lading this general suavey of DERW op 
etations, itis important to cxamine the attitude and 
mnmorale of the mer in the DUK W companies and to 
determine what they thought of their assignmcut 
and how their interest and snorale should be gated, 
fo OSRDD observers, i appeared Chat the prea 
majority of the asew preter ed working with DUR Ws 
to aay other work whith thes ovighs bave been piven. 
Consequently, their interest was all dhit couht be de. 
wanded and thei morale remained bigh. ‘Chis was 
particalanly fae once thes were shipped averse 
and were ied then own vchides, in which ches 
could take a personal pride. the systems of issuing & 
vehidde fe a shiver and an assistant driver aud uf 
PO Aig ne Other niet fo operate then vehitte at 
any Ginnie should always he fallowrd. Ho was bar from 
tnrasual ta ace nen paisoag and cfeasing thea 
DC KW s fa time that was suppescd ta be bei ow 

“Phe sevy fact thar man companies were made ups 
af aucun with no special qaalifeations, as aleads 
pobited ont, made them all dhe mare prond and 
interested when thes found dhemsehees ithausifiec 
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Fwy 17. Lntthas Sanding at Sicdiy were made unter sisuoth wes conditions. 


with a weapon ay important, versatile, and highhy 
praised by the press as was the DUK AW. 

Below are desrribed some of the pricipal aa 
phibious aperations in which DUKWs were used 
under GsRD sapersision oar cagnivanes. fo owill be 
toted dat although the DUKW was originally in- 
tended exclusively far a supply kitection, many 
varied missions were developed for this vehicle, and 
iy the cud it caine to sesco as a tastical weapon ainisst 
as frequently as a lopistival our. 


442 Mediterrancan Theater 


The initial contingent of DU KWs to arrive in the 
auean was a oup of 45 sent ta Arecu, 
itt Maras 2043. Wicke chem: came { ofticers 
and 100 cobisted men from the Fart Stary DUKW 
school, Even before she vebinles were tested an order 
from headquarters, who apparently did ot reabize 
the patential importance af these mich as a DURW 
cadre, sete the tour officers to a replacement depot, 
and the enlisted mon were distettuted abort to vart- 
ous phits, Only a handful of traiucd drivers stayed 
with the 55 DURWs. 

Tn the hands of completeh unskilled personnel, 
whe perlotned only ac negligible amount of main 


teramen, the DORKWs sous fal inta a deplorable 
sondition. V1 thiy pot, drongh the represcrtatians 
ef OSRD to the War Depiriincnt Geaeval Stall 


PWRGS), Gel, a quatificd DURW affcer acrived 
Franny the Uaited Stites and a couse was set ap to 
(rain completely mew men ta handle the vehieies. 
Since only a small monber of DURWS woe in ope 
esvation and tany of these were being used in con 
nection with amphibious prohiemns, it was impossible 
to inet wery uid actual tforniatian ta the 
trainecs. Yer these same men were inunediately nscd 
as 4 tining cadre is teach other new inen--while 
(he original well-trained men tens Fort Story were on 
ether details. 

Te April, Generat George Patton visited Arve 
lor a devtarstration of the DUR WSs aud immediately 
soyteiod isany more for the fortscaminy Sucilian 
invasion. Phis nevesitated more deivers. With the 
exuemels fimited facitiies and inferior training 
care, Che quality af the poadcts of dre Arzeu schoot 
feb stl lower, 

“nbc endnl Mon. the Brdish Aviuy in Africa was 
aihwaista jew DPAWS out of the oviginal 65 and 
an those wehidtes the Americun officer sent to Afica 
a OSR Dining Gained two RASC genet al anspor t 
compcisies fa DE RAW operation. 


B 


Suengan Exe aston 


fx the Mettiertanisut, the DUR WS were bret used 
aperationait. in dbe invasian of Sicily on July 
1Y5. Phe British an the cast cout had abet 300 
shickes, which sore divided binwern two RASC 
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Fiore 18. DUK Ws used curing i 
airheld at Cape Poaching. 


companies and a temporary group which lett Scot. 
land, after only brick DUK W taining under dircc- 
tion of OSRD personnel, to come directly to the 
beaches of Sicily. Vhe Americans used about 700 
DUK Ws, all handlect by diree Quartermaster auck- 
ing baualions and by uiree cngineer combet acgi- 
ments. 

‘The original landing was conducted through surf 
soomild (Figure 17) that one DUKW managed to 
mmake a sale binding with a cargo ef piore chan 7 
tons. Although the bulk of the vehicles carried 
stores, a few landed 37- and 105-20 gans just after 
the asaudi. On the evening of D-Day, the weather 
turned bad and se much surf built up that fer two 
full 
Gitgoes. On tho dass, and on dre dhired day, 80 per 
contol all tonnage was PAR Whaler. 

Partly because of the enforced delay iu bringing 
fand qucks ashore but mostly because the proper 
awe of DETR Ws was not then undetsteod, Girge was 
hinted directly from ships ta damps located 15 miles 
back from the besch. [nn same cases, gasoline was 
transported bs DUK W fram ships directly to planes 
on newly Giptured ait obips (Figure 1X). A sub: 


azs it Waa dpi aciical to ce danding crait for 


ih landings 10 Dring fuel dectly fom ship to hghter pranes on new ty capunred 
. 


statitial number of DUR Ws were even appropriated 
by ranking ofhiecrs to deliver supplies right up to 
houtline woops and during one counterattack some 
20 vehicles were captured by the Gormiins, 

Practically no driver nienance was performed 
during che dirst fouight. his was due ta hick of 
appreciation by responsible DURW personnel of it. 
importance and to the aificial policy chat if he 
DUKWs “lasted tar two weeks. they would have 
served their purpose,” and no more would be ex 
pected of them. This lack had far-reaching cllects 
fiem which the Mediteancan DUKW fleet never 
fully recovered. 

fn addition te then normal function, the DURWSs 
periormed « great saricty of Casks, ranging (rom the 
salvage of fuoding boats to taxing high uring 
oltecrs and unloading binding craft by A-frame (iig- 
ute 19). Phes were Irequends used fo tow land ve- 
hicles across soft sand. Some vehicles Decne so tied 
up insuch “special work” dat they did not revert 
fo company conve for 3 weeks, diving which thei 
amplubious capabilities were wasted, 

fie Rath URWs had ne vouble in bending 
ard the surf conedidens inthe British sector remained 


CONTIDENLLAL 


Mi 


TRE DUKW: ITS APPLICATIONS 


Fiet.ne 19, Culoading cargo at Siclly bry means of DUKA A-trame. Since toad is more than 5.000 pouuds, counter 


weight i used on Low of DURW te present its sipping. I case Dlnstrated here, snanpower is being uses. bor it 59 
Better to ise 1 N00 pounicts of ammunition oF other cargy, ar to inscatl brave wader pintic hook on OUKW sictn, 


mild. There the main problems were the utter lack 
af cooperation fre the Navy and che vast amount 
ob waste mation in Urying te fe) carga te haad, The 
anced for ctheieat ccralized cantrol became so ap- 
parent: that the fist DUKW-contral system wad 
evolved then and there. As with the Aaerican 
DURWs, many anual uses were found for the 
Beitish veticles, che most interesting af whiel: was 
in salvaging niaterial from sunken ships. Many iu: 
portant replacement supplies were raed a1 a bine 
when they were otherwise unprocurable. 

The fallowing poins became vvident from the 
Sicilian operation. 

1. ‘Phe ignarame of the capahilitia and limita 
tions of the DUKWs exhibited by ranking offiecrs 
ob both Army and Navy caused a great loss both of 
tonnage tieted aud of the schickes chenelves. 

2. Control at DUK Ws was a complicated problem, 
and ove which greatly aftected dieir efficiency, Naval 
coopenttion was very ovor, and DUKWSs were too 
oftza used for surprofivable work, 

3. Dupe were located toe far idand, amd DUKW 
eficienry was yeduced by the revaltant feng road 
Tul, 

4. Lables of Oiganiattion amd Eguiputer were 
hopelewly inadequate provide the niinterance 
poder for apezatioss around the Gack. Four wen 
were tou to be about the righe wuniher ta handle 
cau DURA, bat this number was virtisally never 


s 
es 


avail a 
5. Phe ae alt potential of the DURW fiers wis 
nec mor than 25 psa cant sralieed, 

$n spite of these poitis, however, the impressions 


male by DUKW performance were so Lavarable, par- 
denlarly when corpared ta the alternative aimcans 
of supply by LUM at LCVP phis human chain, that 
the Supreme Allied Commander, MYO, reported to 
the Chief of Stal thac the DURKW had been invakt- 
able, greatly fucititating the How of sapphy aver 
heaches, that on ane beach it bad been used as ant 
assault craft, and that he could use many marc. 

End Ruus. tn she fater stages of the Sicilia cam- 
paign, both the British on she cast coast aind ihe 
Americans along the narth shore used DUKWs in 
commando raids ar end runs, 105 nun hatterics were 


landed and set up (Figure 20), and dettalition equip-- 


qient and mea were carried, Tc he yan tu be appre 
ciated that the DUK Ws were superior to landing 
craft ix dhiy work, where the speed of advance nade 
it fmpessible to provide far adequate reconmais- 
sance of Sanding comditunns, 


Messtixa Simatis 


On September 3, 1918, ube British Kh Aimy isp 
vaded the taialaid of Europe across the Scaits of 
Messing, The carent in the Straits is the second 
fastest in Eurapean watcis, aiicl tnaval aathorities 
insisted that the DERW. coald nat navigute in the 
natrowest wectian where The Gan pent spoed bs gpeatent, 
A wider place was chosen which aequited aranol 7 
nities dara water ing 2 1p Fknotcunteat. At dheva 
off? Dav the entire force of S84 Britikh DUA Sys woah 
tothe water and swan across, not aue failed to maky 
the fay shore. In fact, evonssuadly aete chan 12,600 in- 
isidual DUKRW cravings were make withow one 
faihsre. 
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“Phe initial loads carried were extremely varied, 
including practically everything smaller than $4-ton 
vehicles thatan Army uses. The excaution of the 
DURKW part of the invasion was pericct wp to ar- 
rival on the far shore; reaching the dumps through 
harrow, congested streets was another matter, how- 
ever, and the size of the DUKW was responsible for 
serious tratfic jains, 1 was immediately apparent that 
special roads would have to be cut for use ol DUKWS 
only, ail this was done by bulldacer, 

Soon alter the invasion was started, experiments 
detained that DUKWs cauld casily cross the [ast- 
est currents in the Straits, but by that tine the dumps 
were firmly otablished and no regular trips were 
made an the shorter rin. 

After the 8th Army moved north, the DUKWs zal- 
lowed up aud worked the ports of Vibo Valentia ard 
Sapri. “Pwo platoons which temporarily stayed be- 
hind at the Straits made probably the longest over- 
waler inasy trip ever accomplished in DUKWs, In 
order to catch up with thelr headquarters, and be- 
cause tires were a very critical item at that time, 72 
DUKWs waveled fiom Messina to Sapri by water, 
a Qday, 150-mile nip. AW DUKWs anived ander 
their own vower, 


SALERNO 


In the meantime, two U.S. DURW battalions 
made the Salerno landing against very strong enemy 
asition. Because of the lack of cover, a great 
many DUKWSs were suck by shell fragments and 
direct fae but these vebiddes were Guinibalized ta put 
others back on the toau 

The spare part situation up to Usis time was crit. 
ical, for net more Uhan 10 per coot of needed supplics 
were available. The fact that so many vebicles were 
kept yumoing was a tiumph of ingenuity aad very 
hard work. 

When Naples was captured in carly October, the 
iwo F'8. DUKW battalions moved in and hanled 
pert werk. An abortive attempt was mide at this 
tine to break in a Negro teaching battalion on 
DURWS. 

Under prosure to build up DURKW stength for 
the fortheoming Anvio landing, practically all ve- 
hicks were withdtawn toi use by December. he 
next ti weeks af trantic work by ordnance cxposed 
the terrible tall taken by the lack of maintenance 
dha ing the previous sammie, Ay Listas DUTK Wawe te 
“pCbua" want put inte a pool, other previous te 


Ficons 20. Unioading 105-mm howitzer from DEKW Ly 
meats of A-fraine on another DUKW. 


paired DUKW's would be found inoperative. In fact, 
of 20such DU KW taken to Salem for embarkation, 
16 were rejected by ordnance inspectors. 

At this junctaic, in response to a soquest from G3 
for arepoton the amphibious logistics and tactics 
of Pach DURW operations, OSRD) pemonnel ar 
rived at Headquarters, Allied Forces [AFHQ], AL 
giers. Largets ol vehicle availability and of tonnage 
capacity were set. 

ud Run. hi the fast weck of December, a number 
of DURWs participated in an end ran around the 
mouth of the Garigliano River. ‘Chis was quite suc- 
cessful watil the last wip back, when many vehicles 
hecame mired it the shallow mud in the center ot 
the river. Eveu after prodigious labor to free dacm, 
several were pennanently fost. While it was well: 
known before thatthe DU RW was poor in mud, this 
was the first operational loss resulting frome it ia the 
MLO, and splared studies to insprove DUAW per 
formance in wud (sce Chapter 3, Section 3.6.1), 


ANz10 


The Aneio landing, which continued in hall force 
for faronths, saanted off with a coniplete ybowdown 
on the results ol poor main we ai the U8. 
DUKWs. Working sick: by side with two U.S, URW 
battalions was one RASC company whieh used 
DURWs of the came age such niileage: yet on Dad 
the Hyitish deadline was only §f per cont, whereas 
the U.S. deadline stood ar 55 percent, fe took the 
services ofnix ordnance companion, either in whole 


or in part. to improsy dtiy coucition. 
fhe initial assaule at Anvie on famany 22, 191, 
Tadd beers quate norisal gua. anniiaition, rations. 


CONFIDENTIAL 


wie Many ey b+ Raabene ernie 


ae THE DUKW: VES APPLIC. 


Sauvmsy. 20, DURWs Janding at Suviv. (he beach exit. 
specially paced willl lating aut sections, is ratel se. 
quiet hy BCR W unless beach ix mdily. 


and (uel were cacried (Figure 24}. tn the succeeding 
months, every and any type of cargo weighing up to 


Lions was brought as core in DUKWs. By this dine 
the Germans were fully aware of the importance af 
DURKW's to the Alfies and nade special efforts 10 
disable them. ‘Chen favorite methadt invalved the 
use of antipersonnel bombs and shells, which wore 
all woo elective (Figure 22). One vehicle, however, 
remained iu service aller having received more tian 
200 holes in its hull. 

Up to this time it can be sald that the full potenti- 
atities of DUK Ws had aever been utilized. Cowral 
was improving, but lack af cooperation fram the 
Navy remained a lage factor in producing poor ton 
nage reports. In the spring of 19H, following repre- 
acnuitions by USRD in Washingion, a senior officer 
from the Army Service Farces (ASF visited the MO 
and made a study af amphibious work. Mis recom. 
mendations its tuded the activation of TG amphib- 
jan truck companies which, with proper taining, 
soul produce the tonnages that were theoretically 
possible. 

On this basis, four TC amphibian truck companies 


Pater 22. Nea miscan DUR WS [raat ing sapplics ashors at Mave toa head, 
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Fictna 23. DUA Ws fouled with amault noops discharging from LC ts under easy conditions in southern 


were formed under the control of the 147th Quarter- 
master Battalion Headquarters. It should be ex- 
plained that each company of two battalions formed 
earlier had had a T/O of 110 men, but that a paper 
battalion of 120. men had been divided beeween these 
two 9 thar each company actually had more than 170 
enlisted men. Uhe ‘47th tinrefore had about the 
sume nunber ef men per company but far better 
maintensnce facilities. On top of this, special au- 
thorization was received for additional equipment 
and the companies normally handled all repairs 
through third echelon, 


SOUTHERN FRANCE 


The invasion of southern France began on August 
15, 1944 (Figure 23). All DUK Ws were handled by 
three battalions, since it had been found impractical 
to have small numbers in the hands of Engincer 
Corps regiments. Each battalion ks ded 100 extra 
“ald” DUKWs. OF their basic 200 Tabie of Euuip- 
ment [U/E] vehicles, 20 were abo “old” and the re- 
mainder were just off the assembly line and equipped 
with dhe new controllable ccuual tire-inilation svs- 
tem. A considerable number of 40-mm, 57-ann, and 
1054um puns were landed, the latter so rigged Uiat 
they could fire ftom inside the DUR W. One “suicide” 
DURW was also included, prepated to blow itself up 
in order ta breach a concrete s¢a wall in case other 
wncans failed 

One-halt of all T/E DUKWs were equipped with 
focally manufactured A-Trames and raisers because 
it was felt that this wie necessary for the rapid un 


loading of artillery pieces, Atier the assault phise, 
25 per cent, or one company, of these DU RKWs were 
detailed to work dunrps in place of cranes, of which 
very few were available. Vhus only three companies 
actually hauled cargo, while the fourth warked A- 
frames in loading and unloading all types of velrictes 
(Figure 24). 

With the three companies hauling cargo, 5.000 
tons per day, or 33 tons per DUKW per day, were 
easily handled when ships were available. Again, 
Navy cooperation was generally lacking and about 
30 per cout cf all DUKW hows were unproductive. 

As the main Anny inoved north, tig DUK Ws weut 
into Marscilles aud worked the east end of the port. 
‘This was nota very profitable ventare and for much 
the sanic reason as was found at Messina: the DUK W» 
lied wp tyvafhe throughout the city ane che shore-to- 
dump cine became fantastically high, Ualortunately, 
it was impossible to cut special DUKW routes 
through Marseilles, 


Fark 26 DUKW A-frame used ts unload Signal Garps 
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Considerable salvage work an sunken yeluictes ant 
er the iitial asaalt on 
at Marseilles, but other: 


suppli 


was perlonnied 


wise the work performed was routine. 

Vhe ovain teutares of DUKW operation at chis 
period were: (1) the outstantling success of aut ine 
tegrated DUKW battalion in handling targe amounts 
of carge day in and day aut; (2) the full-scale use ot 
vadio, which iia lage measure made this ineyra- 
tion possible; and (aj (he considerable we af DUK W 
A-Hames to substitute for (available cranes, 

When ihe Ariny reached Epinal. it was fel tbat 
DUKW? should be available lor posible river cross: 


ings, and the $47th came to Lyots to practice in the | 


Rhoue River, It way immediately apparent Chat the 
swift current and the uncertain botconu together 
inade for conditions completely diferent froms any 
which had been tet belore, Velaat, @ cable crossing 
rig scemed to offer the only feasible solution, and all 
drivers were trained to oe it, However, as more 
experiment were made and greater experience was 
gained, if becaue dear that free-terrying was su- 
petior, in spite of the fact that drivers required very 
inieusive training in uhis method, 

The po 7th Army DUKAW battalions were trained 
in this procedare preparatory toa proposed crossing 
of the Rhine. “(wo DUKWs actually applied it 
cartier connection with a commianda raid on De- 
conther 28 and thas became the first Allied vehicles 
to cross the Rhine. Vhis qassing was made ala point 
Honiley north of Strasbourg, 

Certain other experiments were also conducted at 
dis Ging, particulgay on che use of DUK Ws in mid 
andion the fuing of S-inch antitank gaus without 
special harnesses, Mud bad always bec responsihie 
for (he major operational failures of the DURW, ind 
medias were sought to reduce them. A fairly clab» 
rate twehpique was evelved, and with a metal 
“ladder” to Eacititate Gimbing muddy bawks, ic was 
thought diac a skilled dviver could negotiate reason- 
ably bad terrain. the 3inch antitank gun, mounted 
oy the wide iOS iui canage, in undoubtedly the 
heaviest picee heed Lrom a DURW, With the gun 
held in phice by the with cable and with no special 
tig other shan whoel Blocks, iQ tee on the DURW 
was fount te be cutitely feasible, During the finst 
Jew rounds, the gan appeared to be more accurats: 
Wea DU RW dius when in noire! ground position - 
a phenomenon dye te the abeice of settling ob its 


wheels, 


+45 European Theater 


Noraranny Coast 


“the ability of the DURW ta nine stores across 
sunny beaches was deliberately exploited for the 
first time by the planners of the Normandy invasion, 
the German General Stafl, according to Later re- 
perts vy the Commander-in-Chich, Allicd) Expedi- 
tionary Forces, felt that the storm-lashed: Novitandy 
beaches provided to meas adequate to support an 
ollensive by several mifion inen, “Phei jadguent 
coincided with that expressed to Division 12 in 1942 
by represeatacives of the Alied High Command, wha 
sonduded that the Allicd forces would have to use 
captured ports, Lt appeared logical, uberelore, that 
the Germany should base their strategy Gn a stubbory 
defense and subsequent demolition of Che bourg 
and the other ports. The DURW fleet was an es 
sential clement in the strategic surprise of the enemy 
and continued tp support die advance to the Rhine 
in all weather. Representatives of Supreme Head- 
quarters, Mlicd Expeditionary Forces, later advised 
the Chiet of Division 12 of NDRC that between June 
6 amd September 1 the AMlicd DURW Rect had 
carried across the beaches approximately 40 per cnt 
al the tutal stores landed, 

In the invasion of Normandy, the list DUKWs 
Jaaded on D-Day aad by 6 4. fi0 approximately 2,000 
vehicles were operating on Une Normandy coast, OF 
These, about 800 were operated by the British, serv. 
ing onder the British 2nd Army on ity sector of the 
coust. The others were operated by amphibian truck 
companies al the U.S. Ariny “Cransportation Co) ps, 
Six of these companics, niauned by white enlisted 
men, fad been in England fer more than 6 mauths 
befare D-Day, They were attached tothe fst, 5th, asd 
fth ESB’s and were mained under the cognisace of 
General Daniel Noce, whose EAC Cannmand at 
wp Edwards, Massachusetts, had supplied the dy 
redintent for the frovincctown demonstration in 
Beconber Bis, Fully oagiiizan: of DURW paoblens, 
General Noce met with OSRI) perennel ite Landon 
ja January UE review dhe varios recent develop 
ments a aiher theaters, ain arranged chit these six 
tempanics, while stationcd on the coase of Devon 
and Wale, should be piven aptly dime ty iaeor- 
porate these new developments iy their paining. 

Odher companics, owaimed by Mograss, did not 
begin anising wait has in Mach iit. Fhes were 
notin condinien teracet the toiniage hyurey guaran: 
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wed to the Staff Planners, Ie was nccessary te create 
facilities, retain whe sien, and prepare their cquip- 
meat, Dhis was done under OSRD supervision. 

Vhe fst ESB lauded on Utah Beach, the 5th and 
Gth on Omaha Reach (Figure 25). ‘Pheir DUKWs 
were loaded with high priority engineer equipment 
and ammunition, Routes deough the underwater 
obstacles and the beach mine ficlds weee being eared 
and marked toa limited extent, but the beaches were 
under heasy enemy fre and a manber of DURWS 
were hit by mortar fre. Some were daznaged by land 
mines, but it is of Biterest to note that while the 
driver of a land truck is generally killed or at least 
suffers broken Icgs if his vehicle detonates @ mine, a 
DUKW driver is ra “ly hurt, the front wheels and 
eugine compartment apparently absorbing the full 
shack of the explosion. 

The first of che Negro companies iarived on the 
beach in LSI's and LCYs on D + 3; others arrived 
later and were attached to port commands. 

lis order to minimize the DURW land runs, urans- 
fer points were set up im the dunes close to the 
beaches (Figure 26). Some of the wansfer rigs were 
built of pipe frangworks with wiaches installed: 
others conyisted of a high litt truck together with 2 
special overhead lifting finger mounted on either a 
land truck or a wood platform. Later, cranes arrived 
and to some extent replaced these tansfer rigs. 

While the firm sand of the beaches was ideal for 
the DUKWs, other operating conditions were Not 
so favorable. In the first place, the slups widely used 
in the early phases were the relatively expendable 
North Sea two: or three-hatch coasters with an aver- 
age 700-ton capacity. "These ships were important 
because their small size made then: difficult targets 


ancl because their shoal draft enabled them: to anchor 
close to shore, thongh they had a very vielent rollin 
the generally rough English Channel warers. da com 
parison with the usual large ireighters, these 


F COASICTS: 
were not suited to cfhcient DURW operations, Many 
of them had heavy guardrails along cach side, and 
these caused mutch damage 10 DIK W hulls and head 
lights. 

Another source of difficulty in the first few days 
was the great amount of tacocal siioke which was 
generated among the ships. “Vhis made it so dificult 
for DURWs and other landing craft to find their way 
between ships and beaches chat it was very soon dis- 
continued as being more trouble than it was worth, 

Sea conditions were bad most of the tine. The 
prevailing wind was from the northwest, making it 
partic ularly bad at Onsaha Beach, whick was open to 
the north. ‘The surf ran high at times, and tides ot - 
casionally ran as fast as 3 knots, Further trouble was 
caused by the great amount of wreckage aml spilled 
cargo close to the shore, There was a high mortality 
in DUKW propellers and radders until drivers were 
inwtructed to disengage their propellers ad coast 
through the most congested water arcas, 

‘The installation of the offshore breakwater of 
Dlockstips at Arromamhes, in the British sector, 
was of great Value to British DUKW aperations. 
Front then on, these DUKWs were able to operate in 
relatively smooth water, and their mitintenane¢ 
troubles were Considerably lessened. \ similar break 
water off the American beat hes had been almost con 
pletely destayed on June 23 in the worst sammer 
storm for 20 years. This meant that the U.S, Arms 
DUKWs were obliged to continue opa aaons in open 
sea conditions, which caused higher deadline rates. 
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Also, since the captured ports did not become usable 
as soon as had been planned, the additional load an 
the DUKW Hect was prolonged. Every available 
DURW had to be used day and night, and first and 
scoond cohelon uaintename was largely neglected. 

By che riddle of September, moxt of the DUK Ws 
operating in the United States sector were in very 
poor condition, this Unough ne fault of the drivers. 
To aggnavate the situation, Spare parts were vol 
available except in cxuemely Hinited quantities. The 
rewson for this is vat apparent: a large supply at 
spare pats had been accumulated in Englaud in 
preparition far the Nornands operation, but ii they 
did arrive in Frione, they did aor find their way inte 
the hands of dhe hard pressed DURKW companies. 
Ficht inprevisation of sparc party and connibatiza- 
fiom of vehides wiaquestiantbly used up many 
DURW hours that could bave beos beter spent on 
PETA EioMs, 

In spite of all the diffe aloes, however, the flow of 
suppHes brought ashore 10 per cont by DUKW.- 


26. Loaded DIK Ws ashore at Omahs Beach. 


Was so great that these beaches continned to act the 
part of major ports into the date Gil These 2,000 
DUKWs are reported to have averaged 2b tons per 
DURKW per day, an astonishing record in the circum. 
sanees, 


COLANAFL PORTS 


Cherbourg wis captured on Jue 27, but for sever: 
al months ity value as a port could not be exploited 
fully because of the heavy damage sullerect by its 
facilities; nevertheless, it at lease atorded a smooth 
water aichorage and it wis an dnportang vailheud. 
Lagicaliy, one of the fist projects at Cherbourg was 
the comiruction of a concrete ramp for DUK Ws, Sev 
ert) DURAW companies wero moved it as s0an ay pos: 
silde and the first ships were dist hanged by chen. Phe 
DURWs brought supplics ditcaly from ship to rail 
roa dreighe aa, where canes tausfened the loads. 

Later, this same seston was used iu Le Havre and 
other Channel ports which, because of damaged fa 
cilities, could not dischage ships at dockside, 
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Fie cue 27, DE RW anent as teccet 
faa) (oops on German totd. 


aportations far ine 


River Crossines 

When port fac ilities were repaired and the fighting 
fronts moved farther away, some af the DUKW com. 
panics were converted itto track companies. Others 
retained dheir DUKWs bin were used to provide 
Jand transportation along the highways of Frauce 
and the aufobahnen of Germany (Figure 27), But 
even in the beart of Europe, the amphibions qualities 
of the DUBRWs were scill needed in the crossing of 
such great rivers as the Rhine (Figures 28 to 36) and 
the Danube (Fignic $0). Several URW campauics 
were used ta transport feeps and supplics across 
ihe Rhine: with the use of the correct rivey-crossiug 
technique (opersuens i swift Coastal currents bad 
heen stressed at the schol at Mumbles), no serious 
troubles were encountered in spite of the swift cur: 
Tont, In some cases, Arms divisions used DUK Ws as 
pant of then stating transportation across lower 


Fury 28. QURW loaded with infantry approaching 
viens heh side of Rhine River at Oheywesel. 


Germany. Their techaigne onsisted of bringing the 
assault troops ap 19a town by DURW, de playing on 
foot to capture the town, and remownting on the far 
side to proceed to the nest town. By this means, the 
difficulties presented by demolished bridges wee 
greatly reduced, Crosing a river by DUKW was 
fou ta be an nnquestionably beter method chau 
using Nayy Janding crate which had tobe teausported 
from inany tiles assay dong the narew and already 
Qattic-crowded Eusopean roads. 


AAS Pacific Theaters 


Sutastons 


Vhe f5isc VC Aiaphibian * 
fist to be activated and. trained 


aitck Cotapany, the 
Kart Story, was 


abe the fast to arive overseas, breached New Cale: 
donia in March 45 and was ordered by headgaay. 


Pinte 2) DE RW lanportiog Deas aos Kluane Kier at Boben hein. Geum 
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Pieter 38. DUK Ws must point well upstream when crossing swift current in Rhine River. 


ters there to demanstrate the passibilities of DUK Ws ure 32), as compared to the usual 6 or 7 bons per haich 
for ship untaading. pet hour when barges were used. Phe caumpany was 
‘The pertarmauce was impressive. A tiberty ship went on to Guadalcanal and for many mah un 
lyity a iiile oflshore in Noumea Harbor was dis. joaded approximately 90 per cent of the ations for 
charged ata rate of 22 tons per hateh por hour (Fig, mere than LOOK) troops on the stand (Figure 33), 


Fintan Uo URW ccasing Hanbe Rivet at Bouaustant, Germany. after other means ef clawing wre deanised 
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Hional we of DEK Ws in diwharying af iberty ship, Noun 


a Has bor, New Galelonia, Match 


1913, VOsnonths afier project was author ized by Diecton of OSRD. 


Iu spite of these carly excellent results, however, 
the company’s cthaiency deteriorated rapidly, par uy 
because of a complete lack OL DURW spire parts but 
alyo because of the Failure of higher headquarters to 
appreciate the witortunate effects of reaHocating 
trained drivers to other jobs, overloading the ve 
bicles. dailing to provide sufficient time fer proper 
maintenance, and lever. In Septeuther and October 
1948, following visits by OSRD personnel a Noumea 
and to the Salomuns, the nounicdical conditions were 
alleviated toa certain extent, but it was aumy months 
Jater before an effective quantity of spare parts ar- 
rived in this area. 

In the ineantine, other companics anived, one 
ftom Espiritu Sante in the New Hebrides, where it 
had been engaged in ship discharging, and sveral 
from the mankind, Phese companies went to the 


sell Eslands and to the New Geaigia group, where 
they served to undoad offshore shipping. ln Novem 
ber £943, after Uhey had been reorganize thon Gata! 
canal following visitn by the OSRD group, these 
Solomons-bascd DUR W companies wore given their 
first opportunity to participate in an assault opera: 
tion, the landings at Bougainville Isfand (Figsne 36. 
‘These Landings were made br Empress Augusta Bay, 
on beaches swept by a heavy surf. Ne serious difh 
culties were encountered, however, although aun 
Janding Loats were swamped. ‘The DURWSs woe 
largely respousible for supptying the assindlt: lores 
with annnumition and rations. 


New Gainra 


The first appearance of DUKWS in New Gaia 
provides a good example at the risk involved in issu 


fine 93. DURWs in operaton at bang teach, Gradaleanel 
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Fata 37. DURW landing an beach Hobmpress Augasis 
Bas, Hougsineille, Solon Usa. 


Ng a Rew weapon ty UntaiDy J treops with orders 19 
fest Stand report on it. 

in fly 1005, 25 DURWS were delivered at Milne 
Bay anid issued for cial to the forces dis he ging ships 
there, Vaforcinatels, these daopy Fite hed snd bai 
expeticnee and did vot sity che aintcnanee neu 
val tt 2 weeks the DUKWs were graunded: the re. 
port lo EReadaciriens, SOW ESI SC. stated that diey 
were unscaworthy, dptactical, and prove since was 
devoted to maintenance than te operalion, 

Becawe al thiy repart, when the fast twee aained 
DURW campanie ained at Ove Bar ia New 
Gaines, in Septenber, they tao wore grounded. 

In October, when OSRD peronnct ateived at 
Headquarties, SOWESPEACL it was found that he 
several banded DURWS then in New Gainca were 
being wed Enyely for long lish vans, asa sesnle of 
the Milne fay report. 

Vhe OSRD ission was requested la headquarnas 
to anal ae the amphibious Jogivics of northern New 
Gaiittew aid to recoaumend steps tat the hill exptaita- 
Can of the DUTRW Rect. Saul recommendations! 
were mad andy in Neneaiber to Coninander-in- 
Chick SOWESDPAG. CoS. and were mmiediach acted 
ypon. Nevertheless, ccithes diis yigereis aciion sor 
Hv duieny demonsisiionsy stages! by rhe OSR1D 
wision smceded in inlls ayeycoming the serback 
wicived ar Milee Bay. as was deveined fate: when 
OSRD posonacd mest see this PURW Beet ne ae: 
Canon beste i lke. 

Widt dhe anaivatet tidoed aniphibian gusk com 
petentiali 


ptnics Moat ibe waiultad, boweeet, 
Te of GURUS bos to be realized to Sowe extent, 
and frot chat rine an thes participa iy anphibas 


aus operations whenever available. They started ac 
Milne Bay and Ore Bay, which were beings built up 

os for futie operations again fapanese-elel 
inva and Now Britain. Neu, with tbe cap 
lure of Lar, a company was moved there uw supply 
the new airfields at Lac and Nadeal with aviation 
gasoline. All gasoline destincel for farward areas way 
brought in by Liberty shipy in bd-gallon drums. 
Kightees eb these drums, totalling about 7.500 
pounds, nade an ideat toad fore DURW, and with 
the usw shortage of cranes, DUR W A-tramices were 
used at the duanps far uiioading, 

As in the Solomons many bour of CUR W opera: 
Hien were Jost decays of spare parts shortages. Sa 
tritical did this siiuation become that DUB W ollicers 
wertias faray Hosbine in an effort ta foctte these 
intwing Reus, Phere wore to spare pares at Brinbane, 
ctther, Miter more Strang recommendations were sent 
back w the United States, some paris eventually did 
aise, bucia the meantime many DUK Ws had been 
caunibatized in order to keep others operating. 

PCORWs were alsa isnied tothe Australian Anny 
in New Goines, and one of ity general rransport 
companies med DUERKWS to supply forces at Brisa 
while another company worked at Lae. “Vhe man in 
these anits were entirely scH-taught. Later i was 
pestle for OSRD to wark with these commpintins and 
correct some of thei operational faults ins celacvely 
Short Gite, since both officers and culisted personnel 
were af exceptionally high caliber and bad previously 
obtained inoiferatels gocabsesults noses easy operat. 
ing conditions, Subscqneniy, after the Miliary had 
eon advised) on the basis of a preliminary recon: 
Daiewnee hat the tonditiony were suitable for 
DURW operation, these men used DUR WS encen 
fally in the Frecthalen laading. 

Atthe invieion of Arawe. New Britain, on De- 
ceinher 15, DE RWs were used not onty for supply 
work but to give supporting die, Several DUK Ws 
fron. the 2ud ES were eqnippea with launchers far 
tr S.Sinch beach barrage yo keut ant although this 
Sov power couhl have been allorded in parr by orher 
Janding cial, the rogker DURW could tee either oa 
Fand ar at ses and the resales ont the Japanese Heacte 
delonses were curemely cltec tive, 

A request from Headquartens, SOWESPAG, fara 
tetaf of £050 DURWs was in inging mere anyphibian 
(ruck companies fret che nginbiad, and they were 
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playing an dnacreasiagly important part in amphibi- 
ous logistics. At Manus, Bink, Hotlaudia, aad many 
ather Jandings they served ta sppply the assault forces 
(Fire 35), In tie assauit on the Maya Istunds ins 
November 1944, a bay of J05anm howitzers was 
Jantled in DURAWS and unloaded by A frames. ‘The 
gums were iy action within 15 minutes fron the cine 
they were landed. 

Even after assault missions, DURWs wese still 
needed at important points along the New Guiner 
coast for nansportation dutics woril pier facilities 
could be constructed (Figure 36), When Readquar 
ters, SOWESPAG, were taved) ta Hoffaudia, the 
comlinned service at several DURW cunipaitics was 
necessary to build it vp inte a base for fusure assaults 
bn Marotai and other islands to the nordiward aac, 
evevtually, on the Uhilippines, 


Buucr. Ss anps 
As described an page 72, the faye anne Corps 
DURW operations were in dhe Eddies Sands an Sep 


&. After tthe met were aaa fan of 
Jagoon 


tember I! 
SE DUKWs cerved ta anload sipping, 
at Funafuti atoll, which was being prepared ay a base 
for coming asantis against the Gilberts aud Mar- 
vhally, Bere, for the faye time, OUKWs operated oves 
fad cor and provedt that the findings made in the 
teats on the Florida Keys the previous Febroary were 
sottcet: with skilful operation, DUKRWs can be 
driven over bad coral reefs withauc appreciable dane 
aye oy additional tire weet auribucible to coral, 
From Fomafitd, thee DO RWs were sent to Nunn 


mea, te the northward which way wenpied without 


Japanoss oppositiol except Lor hombing attacks 


a 


Fiver 33. DUK used by Sygnsd Cory fer Taving vitter 
water consmagiedtiads ae Adnuinats tstandy. 


‘This small atoll Bay no passage feta i lagoon, aid 
PSNR ts 


its seaward souk is considered to be une af abe worst 
in the Pacite. Vet. beaure of its prosimig co che 
Japanese held Gilbots, twits imperative that an air 
have be established thie. LS fs were brought in ats 
ase as possible te the edge al die vet, tid he 
DUR WS discharged rem hs abriving agp thedy rants 
om ta the tank deck whore ties were leat toacdted 
and driven ashore oes ibe ceds, 
(Solortumaiels, DER SYS were not used 
and in die other Gilbert Istaad operations, “Lhen 
uke was pejecied in spite of the BUR operation ot 
Ravana, while was reported Loouable te OTNG 


Dawa 


Dias ODER hunsparbng fonps on notth mastof Nes Gana. Maud sand teas Jax ofanag, dos Geet eat as 


fecaperr ary berth 
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PAG, Coal Harbor, by the concaning Navy captain 
who had witnessed these tests and who teconmensted 
thacthe Navy daciade DCR WSs iu the plans for fork 
nps. Many discerning Marine Corps 


suits | 
ates, however, had beanie cou mecd of the facuce 
importance af Vhe vehicles, and, in early Ett, Ake 
rine Corps DURAY sontpanics were oritiized and 
fist used in the Miyianas operations, 


AfagsHary. [evs 

AD Oahe, sshule preparing for che a 
jalein atoll, the WLS. Aimy Tas Division took ad- 
vantage of the lessons of “Tarawa and decided vo 
capitalize an the saluable tactiGdl usc chat could be 
made of DURWSs in danding [4-1 howitvers, Ac 
oodingly, four provisional DUKW plinaans were 
myanized bon division avtiflery personnel, and one 
platoou with ils 15 vehides and 3 A-frames was at 
taghed to cach watittery bactation, The mei in these 
platoons had been given ne adcamate training 11 
DURW eperation anc maintenance, an omission 
which was kiter reflected ine the condition of their 
vehicles alter a few clays at use. Neveuheless, the 
units fandes? their artillery at Kwajalein very effec 
fiveh, having been discharged fom CATS which re- 
mained afuar Afthough i was nol necessary, ay Way 
shawn in inany subsequent apeations, cach DURW 
had its site soausings recessed and its floor supports 
Changed (oe tccommodate the hawitver wheels. No 
modiheation iy needed if the wheels are conectly 


wault on Kwa: 


chocked. 

After completion of theiy primary inission, the 
PURWS were used to unto seven ES Ps wisich 
seised as Hoating suppty depot2? The operacons a 
Pavawe had aheady demonsteated Onat in atell war 
lane agnor De able system chan thie nonnad sip te 
shave operation is necessary. Ss inde iow bshaud 
operations, the DUK Wo drove direcidy into the LS Ts, 
aun) agai tbe wesent proved very satisfactory, At 
Baston Ian, ons al tae ets inthe Rwajelein atell, 


the beaches were vader cnemy fie for $6 hours aed 


the shore pants did uot funcdion visit che 
sccmed. During that time, SERA s caried combat 
stipplics to forward Gummps withonc canuatttion. 

DUR AWS would hase boot even sere tselul in the 
howsjatein operation, however vt Chee hac belouged 
to a egube cenphibian tink canpom atid te 
the division. dn this way, they coukt have continned 
His iuagity, tips ahter their primis missions were 
commpleted. As it was. the PCRS were wanted toa 


Rreat extent once the OS Cs Tad been wnieaied, tor 
most of the ship usfoading was done by a conbined 
tool danding aati aed gactors a combitacdon 
fo Jess client dea DURWs. 


ALARISN AS INL anps. 


‘The Martaaas Goupaign allords anather sample 
af success DURW performace an very rough 
coral reefs. Excegat Jor Vanapay Hhurbar, a few unin 
portant sections of coast be on Saipan, aa two very 
spall beaches on Pinian, the iMards are suromnded 
by batvier rectly. 

In these eperations were two Marine DURW 
companics and one Army con pany, the 477th Negro 
manned anit which biter gained additional distine 
tan in the assant on the Kerama Islands, “Phe 
Marine driver had bad ae previous experience with 
DURKWs and owls a minimum of taining, but the 
Army unit. which was attached to the Sth Amphibi- 
cus Corps Artillery, had received extensive aaining 
on Oahu and was in exceltent operating condition. 
The DU AWs were (ransported in LS Us to their ines 
a) departure smd ou fume $5, HY, went ashare be- 
hind the assault wires of Amimks and Aumacs, Phe 
fast DU RW waves were used to bring in Coops, ten 
ammunition. and eventmatly ratians and medical 
supplies. “The depths were too great to pernit the 
shipping to anchor offshore. and DOK Ws wert often 
obliged te search for then ship as ie was shifted by 


the arent, This made mooring alongside very 
dificult, cspeciatly site the ground swells were 
heavy, 

A great many cascades were brought owe fran 
shore bs DUERAS. Chet bend bitty win found to 
Le goed and another tein twats feundd For cheat as 
pobue moves dor 155 one howivers over steep suid 
ditheuh taiain. Beenmalle, when the ishind iyas 
scoumetl, DU RAYS were uscst te dis barge same of ibe 
chipping, inthe relatives smooth waters al Panapay 
Hato. fi the meaitime, Marine Carps DURWs 
under the ttd Division participated in the | 


midis 
su Ganancoe fills 2, PSE: TE iguires Fe te 34. 

Shirts nine days atte: the begiuting af the salt 
on Satpan. the same DCR Ws were used at “Pinian 
esate 1). Phe night bebac the Landings, thes 
ctossed the 7 mile channel fram Saipan ander thei 
ow power, somne doaded wide 10% num howitzers asd 
Tao pack howitzers and same with ammunition. 
web at aitert 
the diawn. which was herbed bs a preas avdillers 


Eaes anchored that sight cathe hamid) 


CONTIDEN TOA. 


ont 
Vita 
nas 
and 
was 
fihe 
apap 
RWS 
Wigs. 


sntult 


dies 


thei 
rscened 
titiart, 
waited 
Ulery 


ATILUSARY USF. bit] 


Fiuar $7. Marine Corps OUKW bringing in 165-mm howier din (uy Guaus bnidings 


barrage (rom Saipan. “fhe luiding points were twa 
very small beaches which indented the tava coasc 
oneal them 65 yards wide, the uther 130 yards. They 
were sO narrow that to have used them for unloading 
landing craft to apy great extent would have been 
dangerous, for a few broached boats could brave 
Dlocked the beach (Figure 4). On the faurde day 
a distant typhean caused heavy ground swells and 
nothing coukt operate in the heavy surf except 
DUKAWs, whith continued to discharge ships and 
support the alleraive without trouble, For severstl 
days, DUR Ws and wansport planes were the ony 
supply tines open. Vhis was the frst occasion on 
which official Navy recognition way accorded to the 
QURW’s surf ability. 

Sherny after Uhe cessation af hostilities in the Ma. 


riagas, another outsmnding cxumple af ihe sea 
worthiness of the URW was aforded, A passing 
typhoon bad built up a nemendous sea and a sinal. 
freighter had heen swept on aie olfshore peck at 
Saipan. hy hong there with nat atly spray but solid 
seas breaking aver its decks and washing men into 
the sea. Some LGVPs were seatout but all returued 
inunediately, except one which was swamped and 
another which was dritting ont tosea with a drowned: 
ont engine. Two LYEs that attempted te prt out 
were alsa seamiped. A Gal was seat thrarigh ta the 
17th Amphibian Vruck Company tor some DU RWS. 
‘Phere were so many voliotecss fron the campans 
mat the commanding officer was obliged ta order 
many of his men to reavain eu store. Besides the nes 
fen the LOVE, approsimately 70 men trom the 


Facet DE RWS aad) V bebe 


AL arate Srey ot Grater, 
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Ficcat SY, DEK Ws tater fire on beach at tana, 


wirck were picked tp ative aut of the water, One 
DUKAW was swatmped when iC way caught in tte cross 
say clase tothe stentaf the ship, bac! its en, toa, 
were saved, 

As in dvany other operations, spare pat. were not 
available during the Marianas cam 
cient quantities ta kee a up with the demand, and x 
namberof vehicle were camnibalized in eamscqrence, 


Pacau {st Axvs 


The hmding itr Pelelia istand ta the Palaus was 
one of the mest difficalt cecodatered by ORR Ws 11 
Pacihy istand warfare. “Che isha is san ounded by 
aw extremeds jagged coratieef several nundied yards 
wide (Figure 42) and on Sepiomber [90f, when 
ibe tssante was nade, typhoon weather Gared heavy 
swelfs. In addision, Japanese heath defenses wer 
strony ancl caredully concealed in the coral outcrop: 
pings. 

Re aanicipation of heavy creny smalbarns lite, 


the two Chigleston-cained Aims amphibian cruck 
companions attathed wo (he Marine Corps for the 
asl had ped sandbagy around te front and 
Sides of their drivers’ cabs. “This precamtion was an 
excellent on; unquestionably it saved fives, althongh 
nevertheless several DURW men wee killed ane 
many wounded, mostly oy aachine gun and mortar 
fire. Phe reefs contributed te high casualty rates, for 
the DURWS were obliged te traverse the worst coral 
areas at extremely Jaw speeds, aud aang rhaes 
DURWS were heng ap conpletely until they re 
ceived taw chain assinance from atather DURKW. 

Resides bringing in the tuajority of dhe assaule 
supplics, the GEOR Ws at Melelin performed valuable 
work in csacuating many wounded from fictd drew. 


ing stations, Girring shew acrass reehs abmoss im 
pasable by ans other ncans, and delivering them 
to hospital sbyips, 

Shis chective ase of DURWs pver jagged earal 
during the asviah phore against saenas defended 
positions appears te canln i the assurances given ter 


Hiecw WTR WSs at Saipan lawless with 193 nee how ders dad yah ae foe sone ob Java Sond 
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Fronar 1 DURKWs and LV Es landing on one of twa small beaches on Tinian Bland, Later. hea stad forced UV Is 


to withdiiw, 


the Navy in August 1943 chat DUKWs would prove 
satisfactory in supporting the assaule on | Paaitwa. 

‘The original uasits at Pelclin were eventually rein- 
forced by another company which had participated 
in the handing at Angaur Island to the south on Sep- 
tember 17, 1944. Much move favorable conditions 
had existed at Angaur aud the banding there was (ar 
Jess eventful. 


PUMSPPINES 


In the initial Landings at Leyte ot October 20, 
1d, DUK WSs were used ona farger scale than i 
any previous Pacifte operation, “Ehirteen Aamy au 
phibian track companies participated in the taidings 
near Fadobao anid Dalag.2” 8" Most DURWs were 
Gansported in LS Fs, but for the first Gite seme were 
shipped in LSMs aod LSVs, which allorded a very 
salbfaclory means ol naisporting assaule-loaded 


amphibians tothe combat aren. 

While sea and beach conditions ranged fam mod. 
crate to good in the Leyte landings, the shore con- 
didivus were very poor snd heavy rain tamed) the 
roads to deep mad. This held dows tonnage figures 
which otherwise night have bee 


high, since 


in nest cases the ships were able ta anchor within 


wile of the shore aad there was ua ned te contend 
with cond, Ene at action mterfered to seme ox 
tent, ospectadly during the fist 2 months: ted akats 
were hequeat and al cansiderable dination, bus 
DURW linses were practically nil 

DUA YS and Weasels worked 
together in dhs opcttion as Gee links in Hie suppl 


For the first tip 


chitin, “bo service the aitillay batteies, which in 


many cases were located on stcep, muddy hills, the 
DUKWs brought in the aumuumition ta a point at 
which mud halted them, and there their loitds were 
transteired directly inte Weasel, which completed 
the delivery. 

As in most syarations, there was a shortage af 
cranes and dumps beaame very congested, Once 
again, i was leaned that DURW operations ae 
comrolled by the speed at witch they can beam 
Joaded on shore. [the dumps ate slow, there is 
nothing to be gained by continuing to add DUERWS 
tothe ship unloading cle; additional DUR Ws will 
only add further to shore congestion without anload 
iby the ships any laser. 

DURW inaintonanee at Leste wits quite satistic. 
lary, sine operating ours were heved to the ander 


CSer Chapter Sin dhis vohune. 


Pictaa i201 ploacting of jeeps bs BU RW SV fine Foust 
other DT AWS ang, Babs diee Dancd Dem tide expose 
nixsed Al reefs wheel) DU RAYS tad far esens 
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Fito 13. DURWs Gauding suppiies and doops at Puctto Princesa, Palawan Wand, Philippines. 


strength W/O aud the DUKWs were worked on a 
basis of two 12 hour shifts of 26 DUKWs frou each 
campitay, with HO DUK Ws held ont for regular main- 
tenance checks. Phis schedule was later moderated 
to Uhree Bhour shitts of 22 DUR Ws per company — 
au unsatisfactory arrangement which, resulting ju 
a breakdown in driver asigniaent, was later aban 
daned, 

Some of che Leyte companies and others newly ar- 
rived! from other istunds or from the United States 
were ased dr the subsequent major landings in the 
Philippines, including Mindora, the Visayan islands, 
and Palawan (Figure 14), On January 9 1915, three 
colapanivs toak part in the Ling yen Gulf laudings 
in necdnwestern Lavon. Che ground swells were 
quits heavy and the siafnin 6 a8 fect high at tines, 
Dat litte rouble wis cneountered; Mow-ups resulted 
untindy liom condition. atthe dump, as usualy 


When Manila Harbor was opencd to United States 
shipping in carly March, it was found thar pier in- 
stallations were su damaged ansd se congested with 
sunkcu Japanese shipping dhat it was again necessary 
to we DURWs to onload shipping (Figure 44). 
DUKW operations continued there uutil the end of 
hostilities. 


iwa Jima 


Three Army and two Marine Corps DURW con 
panics participated ju the assault on lwo Jima on 
February 39, 1945. ‘Their primary aission was ta 
Jand thy 105-min artillery battalions and to keep 
them supplied with ammunition, “The three Amy 
companies were made up of Negra entisted aren spe 
cially uained atthe DUK W choot on Oahu for cheir 
mission aud attached to Marine Corps artillery regi. 
gnents for the assault phase of the apcration, “he 


AR OL TOK operating in Uaeiis Hinder, whore damaged port iustalitiond made (hen ures, 
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Fiovar 15. ‘two DUK Ws, disabled and partialls ssaniped at line Jima, about to be te 


Marine DURW comipanies had ne operational ex- 
polieme and alos. no training, despite OSRD 
wiging in Washington. 
The DURWs, loaded y 
gun craws, were dis harged itite the sea fiom LS Vs at 
the tine of deprarnin: same d aitles out, Most of chem 
went inouly a fes hows behind the assailt waves of 
EVES and duneling beats, and the beaches were still 
under heavy mioviar wad machine gun tae frou Mb 
Suribachi. Informatiog. obtained belore te ope 


iguns, annmunition, aid 


Te 
wm for wheeled sehicles. 


Gon bad ialicated diac cd beaches would previ 


fume sancl with eas iat 
Tha, however, was found to be completly inaccu- 
rate, for they were composes of a fine valeanic ash, 
soosolt hat it was csacinels difheult to walk in at. 
Moreeset, most of the beaches were so steep chat tlie 
frovt wheels of the DURW would burs beiore the 
tear wheels could obiain preper (raeticn, whercupen 
the vehicle would be swong broadside oa by the siarl 


Pin dy reactor, 


watt 


and swaniped if iL were nor tawed ot ub delay 
(Figure 45). Eventually, a lew spots were focated 
where, with tires detail as low as 5 pounds, the 
DUAKWs could climb out, and at other penis actors 
were asigned to pull cach DURW up tbe beach 


guade as it kende 

Howitvers were widloade-1 by A frame DUR Ws and 
sch up in battery position, and DURWSs thea plied 
Dewween the batteries and the amumeasition loaded 
titted 


LSis to bring in Won stich. Phe LS 1s res 


al sea der seven! dias: heeause of die pied depldr of 


water. thes card net anchor and ald) the posi 
ide it cstremety cifheadt: for the 
them cach time they nade a tup 


tions, which op 
DURWs ta lox 
from share, 
PUKWs bringing the aumumittan dicots to the 
dattodies were under moriit and sacdbatioas fae mest 


of he time while on shore, end wamsequendy many 


onditions wer weerit 


of the hulls were pune tra 
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feat nd dhe shore so ctowdes, howeses, dsat in the 
he phases of thy operation i wis secestary te 
scr oveny DERW back aut ta sea, regatdless of its 
scaworthines. Several LS is had bven design 
DUKW repair ships; ance aboard, the DURW hulls 
could fave beet cast patched, but ieiaany instances 
a badly leaking (URW was not petmitted to drive 
abourd at once and foundered while scusding by. Of 
its $0 DURWs, one conipany reparted losing $5 
which could have been saved if taken aboard the 
LNT s immediately. 

Phe losses in DOK Ws during the first 5 days—weil 
over $0 per cent- wore higher than in any other op- 
oration, Mast of them were due to the causes de- 
scribedt above, bur other DUK WS were swantped in 
the heavy surf, damaged againat LST ramps while 
acenipting to enter a bad sea, or holed on sanken 
faudiny craft nea the beach, Casualties among Ue 
DURKW drivers were surprivingly light; the con- 
panics averaged ouly 3 or 4 killed os missing and 
about 10 wounded, 

In spite of the contbination of ditiwult operating 
conditions and high equipment losses, the DUK Ws 
succecdrd in bringing almost all of their howitzers 
to shore, untoading them with Ure utnsost efficiency, 
and keeping then supplied with suaictent ammuni- 
tion to be owe of the major factors in reducing the 
enemy gitttivon, 

She Army Negro drivers received high praise for 
tieir courage and ability fiow many Marine officers, 
inctuding the Commanding General, Fleet Marine 
Forces, One driver van outol tied while searching lor 
# bowser boat ot ct sea, but slthough fanding cafe 
otlered severad umes to pick him of, he retused to 
abandon his (URW and cargo, and diifted many 
tiles Wy sea toy PX hows hetore a destroyer brought 
hin in with fi DURW. Whe stip aesding 
stated, the Assay companies introduced the single 


spring dine mooring systems, whith proved so sure ess. 
tal iv the heavy swells chat the Maines also adopted 
it. 

Mainicnanee standardy were ahe kepe ani desed 
fe higher (han chat ia mans othe hindings con 
ios Shs was 


ducted uteler easier operating cond 
dav pathy to the sapetion cffer 6 of the maintenance 
sertiots inthe DUE AW companics, but abso to the (act 
thas, belsre loading at Qaha, they had reseivedd how 
the DURW school there saluable advice and assist- 
ay (pl coating adequate supplics af spare pists, 
Gre cosatt of the petfarasiice of the Sissy cont 
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panies at two Jima was an order fram Ficer Marine 
Forces to the 4th and Sth Marine Divisions to send 
their DUKW companics to the Aray-O5RD DURW 
sshout of . 

Atthe opening of the garrison phase of the spera- 
tion, dhe darce Army units were veinforced by ai ad: 
ditiowal Company, and all fevr reverced to the control 
of an Army amphibian truck battalion headquarters, 
Thereafter they served ta univad Air Corps supplics 
and rations from oflsiiare shipping. 


Qabu 


Tum Ryuxyes 

“a he invasion of the Ryukyus opened on March 26, 
1945, with landings by the 77th Divisior. in the Ke- 
rama Retto group, Vhe 477th Amphibian Track 
Company, attached to this division for che landing 
and for supplying its artillery, was a Negro-manned 
unit which had already seen action in Saipan, Tinian, 
and the Philippines. Phe DUKWs went ashore on 
Geruma Shima % hours behind the assauht waves and 
wiloaded the artillery undcr enemy small-arms, ma- 
thine gun, and mortar fire, but without foss, 

Subsequently, the 477th moved on with the divi- 
sion artillery to Menna Shima, then ta le Shima, and 
finally to Okinawa, On Je Shima, extensive mine 
ficlds were encountered, and although other units 
suftercd severely from personuel aint vehicle tosses, 
the DUKWs were fortunate in getting through with- 
out serious damage, 

On Okinawa, seven Army and three Marine Corps 
DUKW companies participated in the initial assaults 
on April 1, 1945. Phe units landed on che west const 
near Yontan and Kadena airfields, Although there 
was ne cheiny Opposition on the beaches, the coral 
conditions were extremely wntavorable, the euter 
edge of the reef being soved by deep fissures and ity 
free packed tor several fumniied yards with scour 
holes aud pits where the istanders had cnt out blocks 
for the construrtion of their tombs. ‘These potholed 
reels, over which the DURWSs drove day and aight 
and at all stages of the dde exe epl at high water, 
when they swan over (bigare 2), caused high mor 
tality in front spring leaves, Amer mediate axle lousy 
ings, and otha wnderbuds paris: pn sume dak, one 
company would fave gs many as seseu fraken front 
springs. Accordingly, a new Irehiique was stiercss: 
filly developed foc welding Invken leave DURWS 
in nos of the companies were afyeads tuted with rhe 
proper gaard @escribed on page 68. Phe other 
compantio, realizing the value of tis modifeation 
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Fievar 16. DURWS Lind 


in reducing ditage to the propeller, propetler shatt, 
and strut bearing, iastalled it vs soon as they could. 

dn order to cut down the DUKW lund runs as 
much as possible, wranster points were set up close to 
the operating beaches, and trucks were used for land 
hauls of 2 miles or more. On Okinawa, DUKW> were 
used ina wuly combat role ouly when they brought 
toe ammunition directly to the batteries during the 
artillery assault on the main Shuri-Naha tines. (For 
a moncembat rele, see Figure 47.) 

The original Army companies, together with the 
3rd aud Gth Marine DUKW companies, went under 
the control of two Army amphibian wack battalion 
headquarters on May 1, wogether with six more com- 
panics that arrived afterwards. “Pwo of these new 
cumpanic¢s were from Oahw nwo more had come 
directly rom training in the United States, and the 
other two had come from die European Vheater by 
way of the United States. [t should. be pointed out 
that the (wo companics with Oahu waining » 
operating on it {ull scale w thin 24 hours of landing, 
while the other four required « minima of 2 weeks 
to prepare and modify their vehicles, 

The nved for DUKWs on Okinawa was vital. 
Wher the fast organised Japanee resistance had 
been overcome in early July, the DURKW companies 
were required to work even harder, for the island 
was nat only the site of 23 proposed airfields but was 
aho being built up inta a major base for the coming 
wssaudton the Japanese home islands, Nala Han bar, 
for which high hopes had been held as a pout, was a 
disappointment, being too unickly filled with the 
wreckage of Japanese shipping to accommodate any 
thing mere than a few LOTs until October at ue 
carliost. AIL the beaches were fronted by coral which 
dried out at halt cide so that lighters could make ouls 
two round wips in 2 hours. Consequently, the sers- 


ri 


4 at Okinawa at high tide. when 


tev cant Goss ces wathent itt hing, 


ices of DUKWs were essential to bring in the 
Majority of general cargo and Air Corps supplies. 
Each company was lequited to keep a nuininun of 
35 DUK Ws operating around the dock without lee 
up, week alicr week. This, togetier with the severe 
coias conditions and che face that all but the units 
newly arrived from the iniviniand were under 
strength from the normal autrition of sickness, put 
such a strain ou the comneaics that they were scarcely 
able to keep Weir mainenance wp to an ct ieut level, 
At the end of June, however, higher headquat ters 
were induced to order the Engineers to construct 
ground coral causeways to the cdge of the reels. 
Deadling rates decreavcd ptompdy, though a short- 
aye of mechanics remained apparent. Eleven mic- 
chanics, as prescribed in the 1/0, are not cnough, 
but by that time most companics were redneed to 


acven or eight. 

‘Yo assist in operations, 4 system of “hoppers” was 
put mte effect. This system, first developed by OSRD 
at Funafuti in September 1943, consisted of having 
enly one DURW compaty aan on a DURW ac one 
time. Atshipside, the DURW picked up a “hopper - 
an additional man detailed tor this work fram the 
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Seabee or port urd) operzting Uae hatch—who assisted 
i mooring dhe DURKW sad in placing the loads. 
Alien casting off the loaded DURW from the mooring 
tine, the flapper lapped to ie west DURW, Ta this 
wip, even when a URW contpary was as nuh as 
10 per cent under sheng, bh could just massage 
round: de-clotk operations. 

Afb the DUKSY campanics at Okinaws and ane at 
Je Shins continued ty aperase ona full-time basis up 
tobe end of Augnat, after which the flow of supplies 
she ishand apidly dwindled. Five of the companies 
were iccantditinned ig operate la Korea and to un. 
Soast supplies for the ace uyntion Woops there, Other 
companies contiowed ea upload ships at sasious 
points in ase Pacitie after the cod of the war, sit on & 
very veduced scale, 


$45 Sautheass Asia Theater 


At rhe Quehee Conlorence in Augie 193, the 
British requested a future issue of 8.0 DUR Ws. OF 
dhiw, a large propartion was mitcndud far coming 
uperations in Soule ot Asia, although jt was subse 
quently readied thar the great areas af wae and rice 
plditics on she Southrast Asia coasts nade IU KWs 
ansuitable for fargescade use in amphibious work 
there, Eventually only a few becadicd were allocated 
to this theater. 

fn tae 1903, an amphihiaus awandt ou the pos Col 
Akyab onthe Atskan cous of Bors was being 
plumed “hwo RASC DURW canpanics were 0 
truining in Lidia Gee page 72) and a sinall eet of 
LS Peand athet kenling Ships was betag preptied fox 
the aasandt. Aathe Poheran Conferesec, hawever, it 
was decided that athe theaters mint be given at 
higher prior in and canveqrendy anich af Oe equip 
ment ar supplies fended for Barina operations 


Hera 48. Biltal DUK W landing on hard sand bewh at Kyaukoyu, Raviree Isaud, Burma. 


was diverted ta the MEO and SOWESPAC. Phe ac- 
tual operation was therefore reduced in scale and had 
only the Finsiied objective of establishing beachheads 
‘on sections of the Srakan coast above Akyab. ‘These 
were to command the mouths of several overs ap 
whiih the Japance were established, For this opera- 
tion, 25-poinder artillery was loaded into DUK WSs, 
which iv tu were inaded into dhe three remaining 
landieg cralt—one LSD and the only two LSTDi 
Milf in existence. At the Janding, the beaches were 
band and unobstructed by coral, but inkand the pres- 
cuce Of rice paddies and swamps made the (erram 
wasuitable for the use of anything bat tracked am- 
phibians. Mfice this scadon of the coast was secured, 
it was held for about a year, after which it was ex- 
panded by the landings zt Akyab, Ramee Island 
(Bigere $8), ane Faunguy. Several British DUKW 
companies pia tic ipared i hese assauits and in other 
apotians (Figare 9) whick led ta the Bal of Ran- 
goon it May Tt, 


is PRODUCTION 


Begining with an original ovder of 2,000 initiated 
late is June and received by General Motors Cor. 
poration on fuly £1942, a votal of 27405 DUR Ws 
was tuthorssed far production. \ total ol 26,147 unity 
had been built by August 1, 1945, when production 
aopped. 


4s CONCLUSIONS AND 
RECOMMENDATIONS 


fn this aeview af ute war performance of the 
OELTRW, special aticution bas heen given ta the most 
impertant obvtacdes which occasionally blacked its 
rfiq tcut operation. Ani analysis of this review toads ta 
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Fieune 49. PUK We (errying supplies across iver in Burna du,ing Britivhadvance on Manilatay. 


certain conclusions and recommendations for more 
efficient solution of similar amphibious problems in 
the future, whether they concern the DURW or any 
related amphibious schice, either cargo-carrying oa 
combut, 

46.1 Design 


Liattrantons of tik DUKW 


While caephasizing the vital and vaticd utissions 
the DUKW fulfilled, this veview of its performace 
aho discloses certain Jimititions and: shortcomings 
Vhieh could be avoided in future designs. Dua ing 
wartime, it was very logically decided that all avail 
able production Jacilities should be concentrated 


upon the DUKW; since it was a conversdton design 
based upon a scindaid chasyis and: mator, i could be 
produced with maximum specd anc in sullicient 
quantities to mect the urgent demands of the chea- 
ters. In peacerime, however, wth time and deveiop 
1 
the advantages oflacd by a huge: amphibian de 
thar es, wash 
staurlard lari schicle as a basis, 


ment facditics available, lull study should be given to 


NEE 
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Howasapparent that, avaresult of its physical chia- 
acteristic, even the 1901 produc ling DURW was not 
3 perfect wepurpose vehicle. Some ob its more iin 
portant Hinitations aie indicated as follows: 

h Conurtability for Many Crrgoes. Because of the 


«See hapten Han dis vefunn 


dimensions of ity cargo Compurtnicent (2x 19 inches), 
the DUKW cannot transport many pes of cargo, 
particularly (a) 155m hawitzers, (b) svhictes lager 
than the %-ton tuck, (¢) Qated airplane motors, (() 
pilings, and (c) other heavy lumber, building sec 
tions, and similar structural material, 

At first glance, the facs that the DURW ts limited 
in the catgoes it Gan catry would Hot scem to be a very 
sclieus shorwonting, Landing cratt and barges ac 
generally available lor handling loads wisuitable for 
YUKWs. But oven in the garrison phase ofan oper 
tion, when convey Taden ships must be dischinged, 
serious Josses of tine occur with joint use of DURWSs 
and Jighters. Although DUKWs may commicnee dis 
charging a ship, they must be replaced by CTs or 
other lighterage every time a load unsuitable for 
DUKWs--such ay 244 10n Cucks or airphine motors - 
is uncovered iu the hoki, Whe this barge load has 
been dis haiged, the DUKWS, which meanwhile have 
been Wing ifle, are called back to continue eperic 
tions, Additional delays aie dasvalved in readjusting 
paige beatin Aid taecrinpy fiues, 


2. Steal Capacity. by whatever means a ybip is be 


ing dischinged, whethes by aanphibiins or by dighta 
age, Gime is fost from the mow nt ene lowlod catt is 
moved awas woul the nest ay aiting Galt ismoved im 


and meatcl slongside. With efficient and well tained 
DURKW drivers. this delity Gin be cat te amatier of 
seconds. Nevertheless, itis estinvated that the sverage 


tint lost berween DUR Wes at shipside is 314 manites. 
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(While the Gago capacity ol a URW ranges between 
Zand Sions, the average load is 3 tons, thus, for every 
3 tons of Cargo hauled, 344 unmutes are spent ie com: 


tay aluingsid and iit 3 This sry - 
suate a very de(uite shortroming sesulcing trom dhe 
stnall carge capieeity of Uae DUKSY. Ie shauld also he 
noted shat this shortcoming hasan effect although to 
a lesser degree, at dhe shore uploading pout, where 
additional time is lost while one DUKW inoves off 
and another moves in under the cranes, 

3. Untuading froblens on She *. There are ses- 
erad methods of unloading (UK Ws when they reach 
ther shore destination. One is the hand. system, 
which invalycs a large dump crew and is slow and re- 
quares very hard work. Ube other methods call tor 
some kind of lilting device, such as a Greene or an A- 
frame, and consequently numerous dehiys occur be 
cause (a) the unleading devices are not available at 
the dumps, (b) the unloading devices are undergoing 
repaits or nsaiutenancg, or (©) operators are not avail 
abie. ‘Therefore, if iC were posible to devise some 
efheient means uf ualoading ainplibians without the 
use of lifting devices, operating efficiency would be 
greatly increased, 

4, Low Speed in Water, Sincy the DUKW isa con- 
version desiga based on the use at a standard fand 
rhassis, the wheel suspension, drive shafts, and difer- 
entials become wet appendages which niust be housed 
to varying extents, AU these appendages produce cx- 
tra drag and reduce water speed so dhat ina moderate 
head sea, for example, the DURW cin rarely execed 
Suuph. This low speed in water precludes the efficient 
use of DUKWS in discharging ships lying more tha 
Zur S wiles ofishore, for the number of vehicles re- 
quired to keep the hatches operating comtiniausly be- 
COMES VOry Bred 

Thus, ina wpical DU RW opaation, ia tiwe-hatch 
ship ix anchored t mile atlshore, only 35 DURWS are 
acceded to aaload ber seith masisuns elle icncy. In 
contrast, if the ship iy obliged tn anchor 4 ides oll- 
shore, 45 DUR WSs are tequaed. 

&. Poor Performance on Mud. While me tires on 
the DURA enable dria surpass the perlormance of 
ahwost any other wheeled vehicle au soft: ground, 
it is stl unsatisfactors in bad wud. Unless a mat- 
ting or cauveway can be faid dawn in advance, 
DURWs, or any other amphibian propeilod by 
wheels iistead of tracks, should not be used in an 
atterpt Co Crows middly rivers, swamps, rice paddies, 
mm tidal estuaries. 


PROvor? IMYROVEMENTS 

fu the ase of an amphibian designed from die 
ground up, some af the inherent shortcomings of the 
DURW dever ‘ * 
amphibian design under conside 
bane incorporate the following chasacteristicns 

4, Larger Size, An amphibions cargo carricy signibi- 
santly larger chan the DURW would have a greater 
sargo capacity, which would permit three needed im 
proveme ats) 

(a) The amphibian could handle many types of 
loads that cannot be bandied by DUR Ws, suchas 155- 
tuna howiters, wicks, bight tanks, and large crates. 
Thus each time a heavy load is uncavered, no time 
would br wasted at a hatch while amphibians are re- 
placed by lighters. 

(bv) By virtue ef its greater cargo capacity, the ratia 
between the time taken by the amphibian in coming 
alongside the ship and the tonnage received by the 
amphibian would be decreased. With a 15-ton capac. 
ity amphibian, for example, only 34 minutes would 
be lust fer every 15 tons of carga, as canpared with 
3yg minutes for every 3 tons in the case of the DUKW. 

(c) More eficient use would be made of driver 
matupower, for cach amphibian driver would be re- 
sponsible for the pansportation of more cargo, 

2 Stern Ramp. A stern ramp on the amphibian 
would euse many unleading problems, “aiflery 
pieces and wheeled or cracked vehicles could be 
driven or towed out withaut delay, Palletized loads, 
fuel drums, and, in tact, aliost any type of Joad could 
be dragged or rolled gut without the necessity of Lift 
img devices. With an adequate power hoist, the type 
of stern ramp and ramp scal in use on the LV'1(3) and 
LV'S() would be satisfactory far this purpose. 

3. increased Waler Speed. An amphibian designed 
from the ground up could unquestionably attain 
preater water speed than car the DUBW. Many ol 
the appendages which cause such high resistance in 
the DURW could be buih inside the hull of a com: 
pletely new vehicle. 

4. Jaaproved Peyjormance in Mud. An amphibian 
propelied on land by wacks in place af wheels could 
untqaestionably operate on madly tertain impassable 
for a DUBW or any other wheeled vehicle. 

5. Bull mension Limitations, While the advan- 
tages of au amphibian Jasger thus die DUK W are ob- 
vious, the following factors must be borne in mind 
when considering the dimeusions in the design of a 
new amphibian: 


jon should dsere- 
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(a) Over-all size should conform to the dimensions 
of the ramp cnivances of LSTs, LSMs, LSVs, and 
other ramped binding ships whit might serve as 
transportation lor amphibians. 

(b) Anges of approach and departure should be 
suitable for operation across landing ship ramps, 
steep beaches, anc coval recls. DUKW angles of ap- 
proach ($8 degrees) and departure (25 degrees) have 
proved favorable for such conditions. 

(©) Mancuverability on Taud, particularly in 
thumps, is essential, Over-all width should: probally 
he limited to ThE inches. 

(d) Driver's vision should be goad. 

A preliminary study has already been made of 4 
proposed T5-ton, y-uack amphibian.” Such an am- 
phibian would incorporate the features: described 
above, and its Diesel power would provide the addi- 
tional desirable features of reduced fire hazards and 
reduced fuel consumption. 

Ic is recommended that this design be studied fui- 
ther and thata pilot model be consiructed so that the 
possibilities of adopting it as a standard Army am- 
phibian can be more carefully explored, 

Such a new amphibian, however, should supple- 
ment rather than entirely supplant the DUKW, and 
any future amphibian production and taining pro- 
grams should include both vehicles. In spite of its 
shortcomings, the DUKW will always have certain 
advantages over the karger amphibian. ‘These in- 
clarke: 

1. Superior ability to negotiate narrow trails. 
roads, and bridges, 

2. Greater Iand mobility and speed, making a de- 
sirable to use the DURW for longer Jand hauls. 

8. Longer land life than the $4-teack amphibian, 
providing another reason for the use of the DUKW 
on Tong or rough land hauls, 

4. Suitability for stowage in oits on anspor ts 
and similar vessels. 
sier (ansportation and stowage on deck and 
in certain types of ship's holds. 

Hosuch £5 con amphibians be auepted, it is recom: 
srcnded that thes be operated by amphibian wack 
companics in the same way as DURW Ss, ¢ ttt 
company stould have only 25 15 ton amphibians in- 
stexd of 50 DEER WS. Companies operating the larger 
wmnphibians should be placed together with DUKW 
companies under the operational contol of amphib 


bSee Chapter oie thes volume 
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jan truck bavulion headquarters. Phas, in a typical 
operation, a battalion headquarters would have thice 
companies operating DURWs and Owo operating 
large amphibians. In this was. the battalion head: 
quarters could convol both types of vehicle so that 
the large amphibians would handle all farger loads 
and make all the louger sea runs, while DUR Ws 
would bewéd for the longer Jand runs. 

teis further recommended that such an amphibian 
be produced in two models, one for combat niissions 
and the other lor strictly supply functions. ‘Uhe com. 
bat model would be armored in itsamore vudnerable 
parts and would be fitted with) interchangeable 
Mounts for machine gus, rockets, flame throwers, 
and other weapons as developed. ft could also serve 
av an amphibious firing phatform for the 105m 
howitver and other artillery pieces. 


46.2 Modifications 


Ay described in the beginning of this chapter and 
indicated in Vables 1 and 2, there was a serious Gime 
lag in making a change ia production, even if the 
recommended change ever were approved, after field 
experience had indicated the necessity for it, In tie 
incantime, the enly way in which the change could 
go into effect was by having same exceptionally con 
scientious ordnance unit in the forward areas or even, 
the DUKW company itsell able ta find che time, 
labor, and materials to make the modification, 

The subject of production changes on such a 
sehide as the DUKW requires a great deal of study 
in order that the many operational and mechanical 
difficulties experienced inthe past may be avoided in 
the future. As with the spare parts supply problem, 
the file to incorporate prompt Changes in pro 
duction was caused largely by the multipliciiy of 
the channels through which terommmendations far 
changes had ta pass, 

Tt would seen: that the best wseans for overcoming. 
dus dificulty in the future would be te have acre 
ditcd and highis competent persennel accompany the 
schide threugh wll its major operations. Such per- 
sonuel should be empowescd to communicate i 
rectly with the ordnance authorities responsible for 
the production of the vchicle in the factories, and 
these ordnance authorities should he prepared to ac. 
ap act without dels 
nenilations sent in by the axciseas observers. 
Purthormeae, all vehides which have alicads left the 


or leservation upon any 
ee 
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assenubly fine sheukl undergo tie teconmmended 
change ai the pote of cinbarkadion before thee ate 
shipped overseas, 


463 Training 
SCHOOLS SN PROGR AWD 


Asalieads potted aut above, BURW training, aR 
the Unvinedt SGttes was nor adeqeate, and as tar as pros- 
sible OSRD gase amphibian muck compattics ade 
tonal taining at schools established overyeas, “This 
systems, howerer, residted in duplieat ion at ctlort and 
a cousequent delay in the time befare anits wore 
ready for operttion, Moreaser, tact, training aids, 
and school personnct wete far fess avaibeble overseas 
than on the wnainland. dy any ture training pro 
gram for auphibian operators, it would be desirable 
for mare realistic and thorough training to be gsc 
in the United States so thac units wonld be iit tast- 
class operating condition at ihe time al their stip: 
ment ta the Cheaters, 

{. Such as hool should be established ata location 
where taining conditions me more saistacery daa 
those at Camp Gordon Johnston, “Phere steukd he 
rough sea, heavy surf, streng carrcuts, deep smd, 
nud, and coralso that drivers mio have the chance to 
twain ader conditions at feast as bad as those wider 
which they will eventually be expected’ to operite, 
fort Ord, Cafitornia, afters evaything hat coral. 

2. Whenever powible, mniits should be issued the tr 
own vehicles in the Gnited States so that they car 
tain an them vadier than on school vehickes and sc 
that thes Gun modity aad prcpare thei awn vehices 
for ovetsedts operations, LO will afse be found that in- 


Lerest greatly dacioawes when the saulents dain onthe 
wate Vehicles which cles will use lates in comba 

8. Greater atiention should be gaen to taining 
officers so chat they will Kise even more than the on 
feted nen drivers about the operation aud mainte 
Dance of amphibians, During VU RW rainy ttle 
Uanited States. ae owas fe tud thar wanphibian track 


lite ¢ 


Company others were ree 


tine to achuinisnative allair aad vee enough to 
DUAW operations, ind mans of thenticportest that 
they were net even proamitted ta diine DERWS. \ 
COME Guntat be papectesd te operate al nee Mt 
cthaieny undesys its ufhears tharoughty aides staud 
every aspectoal the opendicn and maintenance of 
Chee whites. 

bo Veloser Baison shoukl be unintained vy le the 


Cieaters in whick the vehicle is betty used. In tinis 
way, students cant be aiited ta dic latest uses and 
tecletiseqies aind can be warned against dhe wc hani- 
cab and operational dithe aitios most reccnty encoun 
tercd ithe field. 

a. A mare Bexiale trading scivdile should be in- 
stituted, By uurinaninyg & ese Haden with the 
figher headqnar vers ander which che adits wil even 
tually pperate, unere infoumation ca he obtaiticd an 
ans special mision for which they will be ased, and 
specialized waining Gin be given accordingly, For 
optrations demanding such special techniques as 
coral diving ot viser crowing, sGidents should: be 
sent to a iocation where suitable training conditions 


Nise 
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Rrearder that fvtare canphibian aud companies 
can produce man imonn results, qdatiie ation require. 
meuts should he raised tor diver personnel, Tis not 
Uccowary Hac operators of auphibiaus should fave 
a seagoing background: iC tas been found cae the 
best resatts are obtiincd with men baving cuck driv: 
ing asd sevedoring expericnce, Mechanical aptitude 
fies been found sevy itportant. Men shoutd be drawn 
from Any Clissihcation Group 3 ar better, Officers 
shoud be selected on the basis af then background 
and feadership gtudifications. 


PORUIEADIONS 


Even after thes had been written, Chere was a cai 
sidevable dehy ithe diswriburion of DURW wain- 
ing manuals. Pbis way due primarily ta the tine 
taken in parting the fimishsuy Goucies on iifusg ations 
and ather details alter dhe dext bad becn completed, 
Ay aresutt, daa attempt te produce a perfect publi- 
vation. the value of the wanuit was almiast con 
pletely fost: by dhe die Ube pubticuion reached dhe 
Men whe weeded 71, the is formation Contained was 
largely om of date. 

fhe chvelopmett of new tea huigiies, the + haiiges 
is tactical douniues, the uccessin for teld wark to 
tectify the siost recent mechanical weaknewes, and 
Tas Otlict Lactors aif necessitate afteradions and ad- 
sidens loan amphibian opaaia’s miuuad at feast 
even tanonths, Moreows. sack information mist be 
inthe hands of the asing tetils within [mont af the 
dare an whieh it ia written on its saluc will be fot taa 
Bieat osGau, 
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444 Maintenance 


MAIN(E NANCE PROCEDURES 

While amphibiait Gack coanpanies were equipped 
with second and third echelon tool sets, it aften hap- 
pened that higher headqnarcers ferbade the com- 
panics todo any work higher than light second cche- 
lon mairenince on their vehicles. ft was believed 
that all ad and heavy second echelon work on 
DUKWs should be performed by ordnance com 
panies. This proved a mistake, for such ordnance 
companies were rarely equipped or wained to per 
fon such work as efhcicntly ay could be done by the 
LUKW company mechauics with tbeir specialized 
taining and past experience, Moreover, this DOU KW 
lepair work was geneially farmed out to ordnance 
companies without consideration of other work on 
hand, which already mighthave becn more than ord- 
nance could handie expeditioustly, Tt should be 
pointed out uhat in such cases, iF DURWs or other 
amphibians are lett standing witheat attention for 
only a week, serious deterioration results from: salt 
Water Corrosion. 

In any future operations, it is recommended chat 
amphibian wack companies be permiticd ta perforin 
all repai-s np to fowth echelon on their vehicles. 
Amphibians requiring such work will conscquentiy 
be back in operation sooner, and the work will be 
more satisfactorily perlormect. 
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In not one single oposdion dy 
was the DUKW parts supply system y 
tory, and in many operations it was uonexastent. Fb hie 
reasons for this situation are manilold, bat in nist 
cases iC can be put down to the fact that there were 
just tag amany channels (hrough which che spare pasts 
had to pass beoween the factory and the DUR AY cen. 
pany motor poo. Vherefore, it would scent that if a 
means Could be devised for the elimination of same 
of the nunuerois channels, the vehides wauld be tia 
better position ta receive Ue! parts when they ne 


needed. 

Thonost cases, DURW contpanies wore shipped 
overseas withouCuns spate pares, bur with the ander 
standing that thes could pick up cdl thes would necd 
in the theater ol operations, Naturals, for var 
Heavens they were rareh able co get such party even 
when the Jocation and ideyuty of the parts we 
known. ft would be mere satistactory if conapanics, 
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upon anival at the pert of embarkation, could re- 
ceive an automatic issue of at least a M-dhty supply to 
take along with theiv organisational equipment. [tis 
aise recommended that the spare parts issue live as 
prescribed in SNL G-50P0 be revised to include a 
larga quantity of those items whieh have been found 
in operational experience to need est requcnt re: 
placement. 


46.5 


Operation 
Isscr oF VETICLES 
Except in vers rc ca os, DURWs or uther an. 


as cargu Gariens shoud not be assed to units 
phil 


phil 


other than amphibian tuck companies, If 
ians are required for some apecitl x 
cargo cairying, such as thet 


sion besides 
msportation or firing ol 
artillery ar laying Swnal Corps wire, a company or 
part of acompany should be attached te the unit re: 
quiring their services for (ne duration of such a mis. 
sion jatd then imincdiatels revert to theirs normal 
ship-unloading duties. The DUKWs will thus be 
apertted by fully trained personnel who, morcovs 
will haye beucr accessibility to spare parts supyslics 
and maimenance bacibties. Ea cases where this systens 
was not adopted, resalty were unsatisfactory, notunly 
because the DURWs were poorly maintained and 
operated, but abso because upon the termination of 
their primary mission they were either neglected ina 
parking area or used merely for land transportation, 


CHON. OF BUTiation Hrapgeaarens 


Phe fanctious of 3 talion 


tamphibian track b: 
quarters were osigitally intended to be eniirels 
admninistrarive, [any aperation in which mote thas 
two amphibian Wuck companies were invalyed, hosw- 
ever, the need fara headquarters to control and coor. 
dinate DUKW operation and anaintensnce was so 
imperative thatthe battalion headquarters were re: 
quested te perform these functions. Tie caves in which 
a battalion headquarters Was not available, ofhe cr 
hontthe PURW compares chemselves were detailed 


je act as a contiol center, but this was net toa satis 
factory, since thes did not have bigh enough rank iid 
since. in addition, the companies wore obliged ta 
eperiite short of oflicers. 

Inthe futae, 2 DURWS oF other amphibious 


serge ies are ta be used on a large scale, chev 
should be placed tuder tine op. ts | contol of a 
battalion headquarters. Also, battalion tesdquias ters 


CONETBEN TEAL 


* 


HE 


shauld be handed eartio aud Gake contrel souner than 
Was the cise in many past aperations, AC Okinawa, 
for example, although DUKW companies operated 
from 1-Day on, the bettadion headquarters did not 
come in and lake over their conwvol untif a menth 
later, Io che nowanitiine, since teil control was cam. 
pletely decentralized, dhe DUR W companies were 
not used to the best advantage: pertodically one com- 
patty would be gisesc nich more work that it could 
avoinplish, while other companie. had DUKWs 
ssand ag by because of no assigned work, and in most 
casey an excessive number of DUKA way requesied 
for individual tnissions. Gidividuats not familiar with 
DUKW operations have not often realized that Uicre 
is an optimunt oamber ot DUR Ws which can be elt 
ciently used for a mission. ‘Fhey tend to believe that 
the greater the amber af DUK Ws assigned toa ship, 
the faster ic will be urdoaded, ‘This is most emphati- 
cally pat due, Not only are DOK Ws wasted in such 
ap arrangement bur dumps and roads are unneces- 
sarily congesied. 

At Okinawa, if the battalion headquarters had 
been landed cartier, all the companies cauld have 
been teleawedd to them as soon as their original assault 
missions had been accomplished. Then, by coordi- 
nuded connol, the maxima use ol all available 
DUK Ws vould have been insmred. 


Wr axntsacs OF SHORE UNLOADING 


A study of DURW operations during the war will 
disclose Uke fact that the inevitable limiting Ector ta 
tonnage tates were the conditions at the shore unioad- 
ing points, Especially during the garrison phase, 
dumps could net ar would not receive Carge at a rate 
equal io the maximum ship discharging rate. Not 
only ch this condition affect DUK W efficiency bur it 
alsa affected (he entire logistic chain. 
nthe adoplion of a teansfer pote system did 
net alleviate anauiens, his meant imerely tat while 
aff avaiable tind nucks were held up in the dvaips, 
a dine of loadad DURWs wonld be waiting at the 
nansfer point ten tks ure which their loaas could 
be panslerred, and wieawhile ships amt haich gangs 
Jay idie. “The addition of mere DURWs ot more 
trucks to thissvele ondy increased land traffic conges- 
tien without expecting the flaw of carga inte rhe 
dans, 

Taw sbore nulogding operations should be siidicd 


and the provedutes Gupiavcad so that dumps can be 
exproted ta lecrive carge at miesituue rates al all 


tires. One of Che first vital improvemicuts would be a 
system in which duonps are constantly muader the di- 
rect supervision of ranking offers who are thor- 
oughly aware of the problems of all the links itt (he 
Jogistical chain and who are familiar with such ex: 
pedients as the following: (f) 3 ae procurement from 
DURW buutalion } 
Jined for water qperation, in order to provide 4 
frames ay addicioual unloading facilities; (2) the pro- 
curement ofnative or prisoner-of-war Jabor for duns 
wark; (3) the use of a taller conveyor system for tie 
sorting of mixed rations, thus making & wanccessary 
for a vehicle to go to more thun one unloading point 
inadump, 
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For the battalion headquarters to perfornt its con- 
trol Fanctions with maximum eficicney, an addi- 
tional officer with the rank of captain is essential, He 
should act as Haisan with higher headquarters an the 
daily assignment of amphibians to their various mis- 
sions and should compile all operational data and 
reports. 

The 1/0 should also be increased by the addition 
of one sergeant and two Tee 5, clerks, general, ta the 
operations section. The inclusion af a medical de- 
vachment in the battalion headquarters would alsa be 
wi great value aud should consist of a battalion sur- 
gceon and a minima of 10 enlisted men. Much time 
and transportation were used in past operations in 
taking patients from the cotagamnics ta haspitals, 
Once at the hospital and regardiess of the degree pf 
seriousness of their cases, these pationts were gene 
erally evacuated, tis safe ta say that, instead of being 
evacuated and leaving the companies pormanendy 
short-lsanded, at feast 30 per cent of the personnel 
evacuated aut of amphibian muck companies in Pa- 
cific operations could have been returned to their 
units alter veatment by a battalion aiedieal dcuch- 
ment, 


AMPHIBIAN TROCK Company P/O 


For round-the-clock opaatons over an extended 
period, the scength ¢ fan amphibian wick compans 
asorgaaived in Wold War 1] is noi sadhcicnt, DORW 
compatiies were sometimes so hard-pressed that they 
were forced to break down their systew of having 
dbivers permanently awigned to their own vebicles. 
“Phis invoitably resulted in a deterioration in driver 
niterance and cmacquent higher eohicte de adie 
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rates, which in turn naturally cut down tonnage fig- 
ures. S strength of 210 enlisted men is :¢commended 
for an amphibian truck company with 50 DUR Ws. 
Instead of 11 as now prescribed, at least 15 of these 
men should be mechanics. ln the case of a conipany 
operating 25 15-ton amphibians, the number of 
drivers would aut be at great, but it is believed that at 
least 20 mechanics woutd be required for the larger 
vehicles, 
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{1 is recoramended that the following equipment 
be added to the “(/E of the amphibian truck bat- 
talion headquarters: one 4WD72 switchboard, ane 
squad tent, four pyramidal tents, two W4-tou trucks, 
and one SCR-608 radio. Vhe bast item is essential fer 
efficient: control of the operation, With this radio, 
contact can be amaintained with all the company com: 
mand posts, beach control points, and ship control 
points, 


AMPHBiAN ‘Truck Company T/E 


fc is recommended that the following additions be 
made to the T7E of an amphibian truck company: 
one T-ton wrecker, one 750-gallon, 2l4-ton, 6x6 
tanta (with pump), one meunted machine shop, onc 
parts wailer, fourewheel, and onc 250-gallon water 
tntiler, 

Ja every dytance where Companics were able ta 
precure these iteny, they proved ol great value and 
assisccd in increasing tonnage rates. HE the Ginker and 
the water trailer are not available, then amphibians 
that might be hauling cargo must be used for the 
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daily ransporcuion of fuel and water to the company 
area, A wiccker is necessary for salvage and recovery 
watk, On shins occasions, BUR Ws were fost as are 
sult of swarming and broaching in the suf while 
hung up on bad reels or wieckage. Had a wrecker 
Jeon available, such DUK Ws could have been pulled 
ashore before incurring serious damage. A wrecker js 
alo needed ta recover vehicles that have become bel- 
lied in soft nud or overturned in ditches, or to tow to 
the mote: poot vehicles that have been damaged by 
Tand mines or shelltire. The wrecker can also expedite 
the repait of vehicles in the motor pool by lilting the 
front or rear cndy or romuving the motor or other 
assemblics. 

It is alse recommended that the two cranes now in- 
cluded should be eliminated from the f /E of an ain. 
phibian truck company. While those cranes were of 
benefit to the over-all operation, Whey were a liability 
tothe company itself, When the conipany is required 
to operate them, four men are lost as DUK W opera. 
tor. In most cases, both cranes and rien were taken 
permanently tron the company by higher headequar- 
ters and assigned to duties which did notin any way 
concerts DUK W operations, 

‘Phe provision of shore unfoading Lacilitics should 
not be the responsibility of amphibian truck units, 
except in such cases as the unloading of ardllery and 
munition by DURW A-frame clusing the assault 
phase before dhe Tanding of ether kinds of cargo- 
handling equipment operated by other Service 
branches. Such shore unloading facilities ay cranes fon 
use in dumps and at vausfer points should be in 
eluded in the V7E of dump service companicy a 
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any of certain small slender-bodlea carmisarous ammals of the genus Muste 
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Chapter 5 
THE WEASEL 


Summary 

Te WEASEL," at Light track-Jay ing cargo carrier, was 

developed in the spring and summer of 1942 fora 
military operation against the Germans in Norway 
proposed far catly in the winter of 1913, Before the 
invasion phiny were caceNed, it went into Jimited 
production as a vehicle whien could negotiate hard 
ground aud snow, dimh tclatively steep snow-covered 
momnttios, and be transported by air and dropped 
from aircralt. 

This first model, the 1-15 Weasel, finally standard. 
ized as the Cargo Carricr M-28, was the forerunncr of 
the ‘1-21 Weasel, which was designed in 1943 and 
later standardised ax the Cargo Carricy M-29. With 
yadesigned bull, power train, bagie whecls, track, sus- 
pension, and rearrangement of passenger and cargo 
layout, it went into production for use in snow, nud, 
swamps. and marshes, where aiher vehides could not 
operate, and served in both the Eurepean and Pacific 
theaters, 

Another conversion readied in the <tevclopmscnt 
of the Atk or M-29G Weasel. an amphibious vehicle 
able to operate not only over snow, mud, and hard 
ground but alsa in decp water. It is equipped wii 
special bow and stern cells to provide added buoy- 
ancy, and with rudders, skirts, and other shrouding 
devices to permit water propulsion by means of its 
own tracks. 

Approximately 16,000 units wore produced by the 
strmmer of 1815 and about 8,000 nore were on order 
“Vhe Weasel was used by the U. §. Arnie, Navy, and 
Marine Goi ps and by Allied »silitary groups as a gen- 
eral purpose yehicke and specifically tor evacuation 
of casualties, wire-laving, reconnaissance aco iaine 
helds, supply work iu snow and mud, special rescac 
missions, and transportation of personnel and equip 
meat. 

As part of this development, all available snow 


vehictes were studied, summer test grounds were vs- 
tablished in dhe Colunsbia Tee Fields in Canada, and 
a concutreny study wat conducted on the physical 
properties of snow and their relation te the pesfonn 
auce of stow vehicles to make possible a prediction, 
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by acans of weather Lorccasts, ef the performance ot 3 


task force mounted on Weasels, in compe ison with 


the performance ol defending ski oops. 


a4 THE PROBLEM 


On May 1.1992. the Director ad the Office af Scien 
tific Research and Deselopmicny fOSR DL was asked 
by the Chich of Saf, US. Avon. to cl velop a snow 
ti borne invasion of Norway 


vehicle to be used in, 
in the wintes ef 1912.45. 

Tn the words of the Pr 
from Great Britain ta expedite dais operation, the 
whicle should literally convert snow front a barrier 
imo a highway. It should be able to traverse snaw, 
dry and, mud, rocks, and water, and to be carried in 
gliders ar dropped from heavy bontbers. Delivery of 
the first of 660 preduction models should begin in 180 
days for the taining of die invasion troops 

“This project: was assigned to Division fof the 
National Defense Research Conunitee [NUR], 
working directly with the Assistant Chief of Sti, 
Gf, War Department General Staff “The general re: 
quirements were that the new veliicle be able ta fit in 
the bomb bay ofthe British Lancaster bomber orate 
the American glider, that it be capable ofp achute 
descent on to hare bake ice. and that at he ready ta 
move off under tvown power inimediely alter land 
ing, (Later specifications called for sbuging the 
\chicle undemmeath tha American © oF cargo plasie) 
evel high 


me Minister's Mission sont 
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it should have pood speed an the 
IMaANeUveabity in forests, and be ble wa ctimb well 
and to toaveise sidchitly. Fe shel be able to erase 
bare deck coml taihoad tacks. and to get thraegl 
spring hesker. fe should carty a 1,200 pound: pas. 
dosince the distance tobe iacded by cach vehicle 


iow would be an average af bess thar Ea 
sof which {0 woud be oat snow and 10 on Baud 
glound. ice ot rock, the tif) of cack unit was ser att 
gals 1.000 qniles 

From these gencral requirements there dater 
emg Che following fametion al specif ations: 


V2 Maximum beam GU in. 
2 inna length 156 ji. 
B. nary profile Tine 
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cent wan vo om 
Frans 5. The bawbardicr, driven hy teks and sitered 


Krorat 1. Propeltes dsivess Acut-Sfod atiatlest cee etig itt 
ty Forwaett shis 


slope. i 
¢ 

Fieuph &. U8. Forest Seu vice Snow: Sfotoy, with singe 60. Fuvne 6. Standard yeton, I8f jeep equipped with 

insets (ath ated dbivec’e cade angypatted Dy esr shit, 17:.Dx80 abplane they 


Fane 3X. Hliawan cobopgan, driven by single I-inth Futar 7. The Louisiana Swamp Buggy. designed for 
Hath, forced Hoss sts atds fy geting 1eaecieny ageiuse dcad operation in swamps and sbehtered water, 


bt ef whirse. 


Fi one 4. Turkes dye Cat (MF Gaaw Pacts} seed is Taree 8 [hed hot ynoamebite, one variety at conven 4 
Au veces for resceee und geatind Meertraisenice tional Caterpiliar wacioy malibed for use iy snow, with } 
ae tui lacet dia aided. for wand skis ins steering. iy 
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4. Military payload (including 
2-nwn cew) 

5. Center Gf gravity : 

6. Speed on devel, in light pow- 
der snow 

7. Speed in water 

8. Angle of climb on tuil 

Angle of climb on light pow- 
der snow 25 deprees 

10. Maximum turning radius Vd in. 

LL. Minim :m pawer-weight ratio 40 hp per ton 

12. Cruising radius in rugged 
counuy 

18, Life expectancy 

14, Noise in operating 


1.208 th 
Low as possinic 


25 mph 
Nontiual 
AS degrees 


225 miles 
1,000 miles 
Minin 


Ali these requirements were 3ased on operations at 
an altitude of 3,000 fect, in a temperature range hom 
—40 to +50 F. 

It was apparent at once that no cxisting snow ve- 
hicle could meet these requirements, and further- 
more that insufficient information was available on 
the physical properties of snow to permit the applica- 
tion of orthodox design procedures. Lite seerned to 
he known about the shear strength of snow and still 
less about the change of shear sticngth as a lunction 
of the controlling tactors~or, indecd, even the iden- 
tity of dese factors. 


5.2 THE T-15 WEASEL 


As presented ta Division 12 of NDRG, the problem 
had its fantastic elements. [was necessary to mivent 
a snow vchicle without sulhcient caginecring knowl: 
edge of snow, to decide on the preliminary design 
before tests on it could be made, (a submit dris pilot 
model ta field taals in snow in tho maddie of summer, 
and to deliver the prediction miedet tn P80 days, of 
which an estimated 40 would be cousumed in get: 


ting out the pilot models and [30 in tooling: for 


product 


eas Design Procedure 


With esctrs cmphasis aid on speed and with the 


full Coopenition of British wd) Mincricen agencies 


which had presiously iavestigated tanyportation 
ever Show, work begat once ana study of existing 
vehicles ard of a comide:ation of contractors bk 
to design aul build the new device. 


Tie Prox Art 

Vativus types of sow vehicles were already in ex: 
istence, westot then designed tor sport or for rural 
mail delivery. Lhese, together with experimental 
equipments previously studied by the UL S$. Army 
Ordnance Depsrunent amd the Winter and Moun 
tain Warfine Board and by the Prime Ministers 
Mission, were reviewed at once aud the most promis: 
ing types were selected tor test. 

telephone survey of Nowth America showed that 
the best and most accesstble loGuion of spring suow 
was at Soda Springs, California, and test units began 
arriving there on May fF. These and fater tests con: 
famed the tentative conclusions derived from a study 
of the designs of the equipments concerned, 

Vehides chiven by au at fuopetler, such as che 
Acio-Sled (Figuie 1), were found to develop high 
speed on the level, but they have low starting torque 
even on the level and are unable te limb grades of 
inuch more than 3 degrees. Theil dimensions inher: 
ently prevent use inthe prescribed snethod of air 
uansport. They were the noisicst vehicles rested. Fi- 
nally, a velhide of this design with suhhcicnt power to 
meet the performance requitements on snow and 
with conesponding propeller diavueter would be un- 
able to go through wooded couaty and, inauy event, 
could not wrasch over bare dry ground, 

Pwo ty pes al sngie-track vehicles were considered, 
one with a 60 inch tack and one with a 10-inch wack. 
The browd-ack deagn (Figure 2) was ef ninated 
since it could not imect the iequirements lor speed, 
dinbing, or mancuve ability, and dhe pauow-ack 
design (Figure 3) becaise it tends to dig into deep 
snow and anita snow-covered plades. 


Two types ol donéile ack, ski steed vehicles ip 
peared to have usetal Character isaes. The Tucker 
Snc-Gat ar M7 Snow Practor (Figine 1), whic car. 
ties 72 por cond of the weight ona pait ob tracks alt 
anil 25 per conton a pain of lotwardaniing, steer 
able shin, stabs quite stecp grades, perfouns well in 


on ther 
level, but as designed does not give enough speed 
(A dinited norber of these cchicles were procuied to 


deep snuw, amd is particularly 


Beh Bee any 


cf Atm Ab Fareesrequincinents, but asthe reselt 
of field exporience the design was abandoned.) The 
Bomnbadin (higie 3), ese 


trails an automabile 
sented ime a halitrack and equipped with skis 


iustead of diont wheels. gives hah specd on the bevel 
but paler poorly on gentle slopes, and tas big 
fuel consumption. 
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Fiver 9. Lange twin Arbimedear swrew vehicle on 
tucdium motaine. 


AN schicles with forward skis were found to be 
handicapped by an ivabiliny bo sake turns at high 
speed, particuhody when tanning downhill over un- 
dubating stiaw. On hare ground, skis have high resist. 
ance, ambibe vehicle is dithe wht te steer, 

fOowas apparent from thet performance that a 
snow vcluite should be supported entively on iis 
driv members, and that the loration of the cente 
of gracily ts ecreticad factor gavits pecyuamance, 

A vehicle with very dige balloon Gres. such as a 


Tit pe 10. Small twa Animedean stew Lehide dig 
Ug Livte. sett sec cay light ay acle 


jeep with 17.00x20 airphine tires (Figure 4), gives 
high speed on the fevel hat unsatisiactory potiern 
anee on even uniild sfopes. fis hatred by gentle Aills 
in Fight powder snow, and hecks waction for adequate 
coutval ite steering, Cousideration was alsa given ta 
vehicles with grgantic hadigon fires, suck as Ue Loui- 
sina Swamp Buggy (Figure 7), but these could pot 
meee? the Gimensiowue limituions, presamayty would 
have hosugficient wac tion on oping ice, and ex ceed, 
the weight limitution. 

Gonventional Cale pillay tractors (Fipare 8) hase 
low speeds eves an the devel and ate unable ta chim 
snow grades muck greater than 8 to 10 degices, Phey: 
vend to dig in atthe rear when inbing, 

Yess widh vehiddes drisen by twin Archimedean 
screws (Figures ff aud 10) showed that this type of de- 
sign docs not lend itselt to high speetl on level snow, 
party becuse of the bigh fric donald tosses iphereat in 
the high ratia of peripheral speed to speed of ad- 
vance; Urat they cannot travel at high speed over bart 
rack ation roads, and Chat the hasic design seemed 16 
necessitate exceeding the allawable beam or prutile 
dimensions. Hl the engine and cab are load be- 
tween the screws, de maximunt pecutissible beans is 
execeded, and if they are placed above the screws, the 
man inna profile is excceded and Jateral stability is 
greatly vedaced (Figure 12). Pests ofa vehicle driven 
by a siigle frehtivedcan screw anal stabilired by owt- 
riggers (Figure fl) indicate no inherent advantages 
over the dauble screw design. 

A stady of these and related designs and of the 
performances in California, which were eter vou 
firmed jn othe fell triads, resudied i the conecnusien 
that no available snow vehicle could meet the mili. 
lary sequirements.1& 
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after work began, the primary specifica 
velude were confi From the rests 
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Mu eet b Runs sinsil vdaiclets. 
Veninger howe 5 inches ui dian 
clan 12% inches Long. 3H i oh dead. bean. { 
my pursue | gist 9° 
Au angements: Payheal of 1200) ets anes Penedanass . fm 
b Iwaoneu: tet) wenht bo HL SOX perteruds. FRONT ViEw SIDE VIEW 
Frese 1. Preliminary plans for Vehine dean scien vchictes. 
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in Galifoinia aud cbewhere, it was appwent that an 
Plopellers and kage tes are aapiactical, that for: 
ward skis ae incilective in steering on sidehill tit 
verses and on downlull cums, and that the entice 
flotation of the vehicle should be supplied by the 
Qactive means in short, that a vack-laying vehicle 
fost satisiac tory solution. 


would be the 

Ignorance of the physicai propertics al snow nade 
i impossible toas rise arin over-all design by rarioual 
Mops. Lt was clear, however, thar although the velitele 
should preferably have a unit ground pressure ne 
greater than that ol au average skier Gbout 0.5 psi 
for a 200-poundiman ona pairol conventional sialon 
skis), such a value would be ditheult and probably 
tinposible to achiese. Preliminary weight consider a- 


lions rescaled that sera valuc ol EG psi could not 
be readily attained (ach vehicles as the M-4 Geneal 
Sherman tank and the German MK-VIB King ‘Viger 
tank Nave unit ground pressures from about 14.3 ta 
H.7 psi), ancl it was decided te assign iro lintit to this 
value but to keep it as small as possible. 

Since it was thought that the L./ Pratio (= lengua 
ol track on ground and “P= tread) of ac track-laying 
vehicle on snow should not cxeced 2.00 if steering 
were to be feasible, and siace the beam was aiceady 
limited to 60 inches, it followed Chat the ground can- 
tact length should not execed 90 inches, depending 
ll The aU length should not exceed 
about [90 inches, depending ou the design of the 
ems. 

The center of gravity lor clivibing should be for. 
ward of the longitudinal mid-point ot the ground 
contact area. For descending, it should: be et too far 
tovveard of taal mid-point, For sidehall acaversmag, it 
shane be as low as possible. 

For caivel over snow, it seemed that che Gaacks 


on the 


should be designect to prevent packing ol wet snow ia 
thean, dia 
the sprockers should tend to remove snow frou be- 
tween the grousers, and that the depth of 
should be cunsiderable. Ct was found hater. however. 
that although deep grousers assist somewhat in climb 
ing. they esactavers heavy penilty hard packed 
acl have roaels because of the concenta ated 
sted k towels.) 

Nevorcdingls, the War Deparonent General Stat 
was advised that the chsign most likely to nieet the 
ational 


the action of the tack plates in poing over 


RLOUNCTY 


sdow, 16¢, 


military requircinedts appeased te be a conve 
track 
ing. aheam of HO inches. and a unit gion dl piessure 


sing vehicle with condolled dilkerential steer 


to be a omivimuns consistent with geod steering. 4 
Dread dicctive was consequently issued to “desige, 
build, develop and test one or more pilatimacdels Of a 
tuck-laymg, aaborne, auphibiens, snow velucle te 
dainty a pasdoad of 1,200 pounds up a 25cde 
in deep snow ind to have a maximiuny specd on the 
level in packed snow of 35 mph.” 

This vehicle was christened hy Division 12 as the 
Weasel (o. . . ay of eonane small slender-bodied 
mals of the genus Me t...uery 
*y On May 


ev slape 


ealnivoraus 


achive, hold oo. turnwhite a winter 


17, wotk began on the pilot model des 


ra] 
Disien Div e.orncens 

Phe hist of the pilot models was developed to mect 
the original military requirments for use iy cite 
snow or water operations, and was to altord an oppor 
hunity to detuning whether the maximum 1/1 ratio 
as informally established by the Army would be satis: 
factory. Inasmuch as the hall, oagine, and drive mech: 
anism presented lew new questions tor the contac 
tor’s cngincers, the design problent becune essentially 
a development of track aud stapension canponculs. 

The wack is frontdriven by a controlled steering 
dilterential. “he power plant as located approsi 
mately amidships. Eight bogie wheels, geal a 
four pairs on each side, Gay the vehicle load oncach 
flexible-cabie, bend-type tack. Each pair ab bogies is 
connecied by longitudinal samicHiptic springs pivae 
aliy anchored to suiteale audiipgers atiached to die 
hall. ‘The suspension provides 8 inches of trick on 
the gronnd and a U-inch ead. piving a lenguh ol 
track on the pround to ead ratio of 1.07. Bach tack 
is 15 tuches wide and, as the basis of ares of track ar 
contact with the ground, the Gait grated prs sure is 
2.02 psi at coro penetbat 
ipproximately 7,000 pounds with full cargo load, Hits 
provisions for a crew of two aid storage space in 


am. Phe vehicle, weighing 


the hull sponsens for their eee sary cqtipnn it and 
supplies! 

Phas ain phitrens jrtot model (bie 14) wascom 
pleted in 38 divs. Alien conferences wid the various 
aithoridies. dows decided to ser its, DP patie atthe 
high value of 1.97, with an over all le 
inches, Vhis was done partly to explore the upper 
tinit of the Le Podio and pardy to permit incor 
poration of a propeller tor water diive. \ biow cays 


inode! way started, and because of fears that 


sao wes Comlucted by the © tebaker far 
BOARD aac Obed. ot 


penden ‘uth Bend tnd a 


CONLIDEN TEAL 
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ENGINE 


TRANSMISSION 


POWER TAKE-OFF 
FOR PROPELLER 


VEHICLE DECK ' 


\ & - * P . : 


Dace VEU bate eaaet dew tiene edie 


1s perfomance would be Gasate aresultol 
its high by Vorave cud its weight. a second and ner 
am phibrouwy dean was be jun with an dl TU oattio of 
Lb ond about hall the werghe, 

Phe amphibioas pilot medch lig a wide of 60 


inches, a height af 000, inches, a Gunn Psteen. and a 


pPropeiler draco ton a power take oil ne chanisa 


as notedb above, 


fon Willer praprelsic 
fe fie fist prannd tests. the amphibians pita 
mocked was toicd aimatshy greuiuch and aawecds bake 
No diheudiy was caegumered ui negating sole 
ground anshweeds water, but as soon ay the vehicle 
wiundecp water handy clea oad weeds. stccuing with 
et yousers Ge Ube uiek was four to be practicdhs 
tmpestble Che vant wis then tthe ta the St poseph 
Ravi when with th: Gacks stitonars and propellers 


(wed ton propulsion, a feria speed of abeur bt: 2 


mph was ated, bur che vohice cid sariespendd to 


CONEID 


Ea Ai el, eacreves) eS ei UR NE ar 


‘BOGIE WHEELS * 


eal cya 


7 .0fCK cOAMING 
is f \ 


ao { - 


alealviems strc te 


the udder convel No dite was encountered oy 
geuung 
fron shoal watar. Po genorabit aapecured ta give the 


ot outod the water up a toasonable bank 


icquired pedorsiance aver the toro vey whack at 
Wadtestedh, but i was found inpossible to steer either 
oe land en de water! 

wena add 


Tn the neem fedrrbious plot meade l, 


reduced the Qaack wath aereased. as 


longi ow 
he boda 


mk Jour 


cducedbted G Roun med ds were band 


dias second design in 1 to 90 dhavseach, 
and were ovoutindiy pat do dest in snid: and hater an 
stow. These tani were ised fan aqiiiek uivestiganion 
ef thie crises 


wponents of the vehucie. 


Inthe sles Detihe iiest use bal fark. tots pes 


dow weve wore inesh ispe which was 
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fier ee DE Camnliieh mile ete Goa bands. 


discaiihal hectic of cveesice deedion, aad cc semi 
Hexible spel ya Ph ade et eo mohicd rib 
het bands. cach nesdome)ed fangiudmdls by fom 
eoncaititts sired cabhes. tow haeds ate attached ie carson: 
bei of siech cross members at Sieh retersab. The 
giouser phates and guides aie acttched 10 ce Cross 
plaics 


PRE teed cca ed dv the 1b Gooodsahe da Sinen Obie 


Several dillcrent ty pes auc sizes of bogie whee: 
spitngs were tested. Pyark Unowing, difficultics on 
conntcred with su aight bogie wheels led fist to the 
ree ob angular hagio wh a 
switel bagics (Figure 14). Ihe Tater is substanoaly 
an axfe on cach wind of the spring mf the angular 
Logie, about whic te wheel aysembly Guy aricuhate 
on a Songilucias$ axis for a distance of a Zocor 
included angle. Tis peamits the ack to bwist Lar diet 
befiae the pirides and guide wheels ave forced to part, 
thereby pounriding the wack to stay on as the angie 
Sarity increases oF until the stops are net. 

Phe bottom leas cs ob the bogic spiings are wrapped 
around Uc spring cyes, and clips are added to prevent 
separating. Steps were added w linic ce backward 
ule af che freat Logic assembly tu LZ degrees dawn 
ward and 6 clegrees upward. ‘This prevents butkinng 
wader when certcint (ypes af tc ain ate encur steed. 

‘Vhe track idler wheet assembly was on igivally made 
up ofa pair of disks so foamed dat the gaides af uae 
vack are selained by chem in ore torus of a variow 
throat. “Vhis was tater charged to a wide throat so 
thar dhe track can readily feed back inte place il it 
stots ta come off, Addiuousl Manges were uscd ta 
ary a fabric belt tire ty support the rubber belt of 
the vat k. ‘Phe small dightening holes vere eliminated 
by use of a sharp-edyed conter disk with large eut- 
aways and spoke icintarcements, while the ruliber 
fire section was changed (oa wide rubberband, whidh 
proved lo be au cllicignt de-icer, 

As with the idier, became mecessaty co modify ote 
ipraket wheel by making kiger openiuys for icc 
Jeaance and replacing: the rubber fabric tive with 
flat band al rubber. 


Siace thee was ne basis to snpport a rauenal de- 
sign procetere, work au Ue owes and prose? 
Plates Comsitated one Of the nigst extensive paris ol 
the experinenial progeat. Lhe prouscr plate searted 
ariginally asa ribbed steel parte turned np a ite ap 
cach cael and plocided with suitable mounting Roles, 
Many ts pes and design vaiadons were trade but. 
with fic exception of the addition of a large center 
deinanee hale to preventive home packing uid a hig: 
jach couing af cabou on tie youd contact side, 
Ube bbe plate iy pe tindly uscd (Figure 1b) is Hale 
ditterent Rami the onganal design. 

After a vial ob mans shapes, rhe best grouse: was 
foundte be a anit J incl high, Hy. aches long, anet 
statght ago the trout op dais cg side of die prouser 
phar A ster spadghe grouser 6 inches long is con 
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Fiotas 15. Bagi of anguba aid wise baggaes devel 
oped fort 15 Weasel. 


tally located at the dear side. Those greuser plats 
asserniblics ave coated on the bowtour with aly, eh 
Javon af rubber anc ae Pernmnent with every shoe 
Provision is also made fou a champs on invaltate ps 
groase, STL tehes high, to he atiached to every 
other plate when conditions winrait, 

The Qack pride iehrels were designed to guide the 
tack dhe Cop as well sos to pies ont exer sstve shape 
Ping when ibratiertss sec the Gack mimatton. Later a 
seonch cnebwise movement was provided te restuce 
wear on Lhe puide whicels. 


Ta carts testy the vchicle displayed a tendency at 


Py spreads ter sy 


was sucked nite dhe an tile t sand bei 


molar. Tn adeifion, cavGtin ey prey ad w would lic 


thrown oval Uae esr ait chute to die pachidter, where 
fee dtodd and van ante the dodh Mc tal ses alee leds 


were consequent prided to pratect the cnying. 


io protec the 


and boxes were installed ou cach si 
vandicator. 

Various topes of veering differential were con 
salered, and stecisig pele frome PGT E to 208 


wl kee op thie 


woe bicd. Phe most satistactery was one with a 
LGI:f steering cation a ansmission ratio of 115 high 
and 2.24 low, an axle ratio of 4.86, gad an overall 
ale 916.75 high and 13.5 tow.t+ 


523 Test Procedure 


While these pilot models were under caught aciien, 
representatives of Division 12 instituted ie search far 
proving grounds where the models could be tested 
under appropriate secu ity on various ty pes of snow, 
Wid the cooperation of the State Depastineut, ob 
servers were Nown under diplontiuic passport to tae 
Nigeutine and Chile in Andes, but reported thal no 
suitable areas were available. piv tly lor security rea- 
suns and party because of an apen winter. 

Another expedition was flown to Alaska for the 
double purpose of finding a pros ing ground and mak- 
ing preliminary tests of the shear strength of suew 
des cloped by various alternative grouser designs. 10 
the search by air for proving grounds, the observers 
Jooked for any powder snow being blown by grownd 
winds, or the plane was banked at an alsiinde of 100 
feet so that the propeller wash could raise any powder 
stow present. Exploration al all accessible arcas, 
however, demonsuated that there were no suitable 
gtounds available in Maska, neither in known glacial 
meas, where NE powder snaw was dau below an 
altivude of 8,000 Leet not inthe avidl cond glicciende ss 
Endicott range on nattbern \laska, where glaciers 
had been located by local “experts” 

i Ty an expedition to the Columbia lee hickds 
found that the JUN sqaare amile residna) continental 
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Fooven. $7. Loading pifot moved of 1-15 Weasel imo €.17 sarge plane Jor ansportation from South Bend, indiana, 
te Cabanibia toe Fredy 


tee shout GO mailes north of Lake Louise and 9,000 feet to maiatain de rewardh i spite of numerous fail- 
above sea level oitcred sie best prosing ground avail: vey is the easly designs of bogie, track, aud suspen- 
able andarcessible in either Nortnor South Amesicn sion parts. A jeep und airplane shuttle service be- 
Altuor git the sow was not powder but com, and oween the ice fields andi fs ome sade it possible to 
obviously due ta ges wea, the site was selvited for have 16. and $5-2nm lhns of al) tests demonstrated at 
the field uials. the cainp tor analysis within 46 hauss, and ro present 

Necessity toads were button 6 the snout uf the to Aomy observers a Camplete rerord af the perform. 
glacier by the Canadion Nations! Park Service, the wuce of all vehicles wider ali test conditions, 

Vos. Army, ad Saalebsker, a Emile test rack pie Whilr these sesis were under way, another protyp 
pucd, tamporay bounsing copstucted and photo- ¥ 
xraphie labaraenics, garages, and ongincering que 
ters setup, the Giurps were apaated by the 871, 
Momnain fatanny Regiment. Che pilot models wore 
drought dere, one of tem by plane (Figures 7 and 
18}, rogethor with other snow vehicles to be aed it 
connparative studies. 

Daring Ure marth of Augiat, aamacrons test rans 
were made te detetitie the aporatian of tie Weasel, 
its tolling sesiaise, dts masini speed, its hill 
climbing abilits, and its mancave ability, Aficr x 
Wattin spell, where testing became dinpossible, the tield 
fiidy were vevunied at te end of Septenber, 

When parts failed dicing the tials, suggested rede: 
sign were toh pled ts the lector: where improvced 
PeOby were Inade wp dunjediatels, and die new parts 
were shipped ta the ce feldy far tostityg, Hy use of air 
fatisport seivice, rephtcenseitts wank yonesally be Betas 18. Pilot metct of F1s Weald ecmet in caigu 
obtalucd ina bite os $6 hom, making i possible plane. 


CONTIDEN TEAL 


a 


is fail- 
aspen: 
ce bes 
ble ta 
ted at 
resent 
‘form: 


group 


igo 


a 


T-th WEASEL ban 


Frat 19. site vaew of final pilot iuedel of 114 Weasel. 


of investigators conducted a basic study of the physi- 
ql factors ol snow in an attempt to obtain funda. 
mental knowledge to be used in tactical operations 
with the Weasel and in any «cure modifications: 

In order to determine the possibility of landing the 
Wrease: by parachute, special tests woe conducted at 
South Bend. Indiana, aod Wright Field, Dayton, 
Ohio, under the supervision of the War Department 
General Stall. 


aes Results 


Design o- rite 1-15 Weasel 


The final pilot model of the nonamphibious 1-14 
Weasei is shown in Figures 19 te 22, with a longitudi- 
nal section shown in kigute 28. la this madel the 
overall loagth is 132 inches, the width is 60 inches, 
and the height is 67 inehes with the top and £9 inc hes 
without it. The length of track ip contact with the 
ground is reduced to 62 inches, giving: a ratio of 
length of track on ground to tread of 62/12 or LAR. 
The vack width is increased to TR indies, giving a 
nil ground prosuie of about 205 psiet Linch pene. 
tration and with ao gros weemht dinetuding 120k 
pound pasfoad) af £609 pound. Although the 


© [bee Stradies 


b period jn Chapter DCaf this selume. 


model is shorter Unt the amphibious unie described 
above, the Gage valumc is about dic sane. 

The center of gravity is about 24 iaches above the 
greend and 46 inches aliead of the center dine oi the 
ulley, 

Phe suspension consists of four bogies on each side, 
ther bv com 
pound soui-ciliptic springs which ere preotally 
monn to antriggcred: crows members for wa zage 
puccol the main hull lamework (Figute 20). Uhe 
imal bogie design includes Gambered bogie whi cls 


airanged in pairs and connected: te 


mounted ih paits and pivoted on thei connection 


Breve 2. Rea view of fost pita aodetot ba Weasel 
sith top aemased 
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Fines 22. Yop view of tial pitac aonted of 1.15 Weased, 
showing accommodations fur driver aad uve passenger. 


¥sutog Bt. Front view of the final pilot moded af 1 15 
Weare. 
for variations in the suigle of approgch of the track 
ghide 10 the bogie aver tough sv, races, 

The Weasel is powered with an P-bead, liquid: 
cooled, six ylinder Studebaker Champion cngiss lo- 


with dhe waspenusion spriags. Uhe cambered bogic 
wheel and guide ange construction provides a line 
cotact with the tack guide lugs, and alse produces 
a diverging guide irons which gives move dearatnct: 
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Fiobee 26 Producion madel of augihe swivel begies 
used in 1-15 Weasel. 


cated at the rear of the hall (Figure 25). Vhe dywheel 
cud of the engine iy contested to the ch iving axle at 
the front by means ol a sitighe plate clutch, a conven: 
tional Gansinission, a propeller stidt, and two nevdle- 
bearing (ype universal joints (Figute 26), The plane 
tary (ype two-speed ade provides diflerential stecring 
and. together with the naasmission, six forward gear 
ratios cont (wo in reverse. ; 
Whe hull is welded 13-gage, 1.050-inch chick sheet 


steel. ‘be rear and side walls of here aia duct aud 
the front wall of the Girgo boxes aie made of armor 
phate (to protect Hie cugine cooling system and: the 
tear of the ball, 


PeRFORSTANCE !S 


Yo wst mesimum diab inv the Columbia ke 
Fields, che pilot models were driven up Mout Gasue. 
gund (Figure $7) ona graded!) inacasing slope. 
Vhe angle of grade was mensared who the thick 
began to slip se uhat father taiwan sorrel 
cased, The nasimiay grade cautd usuaify be 
dimbed only aca very low speed. generally 2 mph, 
because if the Gack onee started testis, tte tion 
could be regained only by a Desh stat, Daring chese 
Tests 1 was noted especially Wat the Weasel would 
not stay in a straight tine but would vecr aff to the 
right or left depeading samewhat upon the generat 
slope as well as por the suggedness af Hie under 
neath suow crust. 

With 1, to 2 inches of powder snow over ertist, 
the Weasel was able te climb grades up to 21.8 de- 
grees, will an average maxi ander these candi- 
tiers of 16.8 degrees. 1a 7 to 8 factes of light snow, 


the average maximom was 24.15 degtecs. 


Bictas 25. Tratamissiots and fywheel end of chine 
Jocited aft of driver's rompsriment, 1 15 Weaw? 


Finves 26. Forward und of driver's ceanparuacat, how 
ing (retsnent paved steering fever. anil Gempections to 
drive wheels, 1-15 Weatet. 
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On dry tart (Figure 28) it successfully climbed 45- 
degree grades, 

In maxiniuie speed ests, he average top speed at 
an altitude of 8,450 feet was found to be 20.78 mph 


Fivtias 28. Filet niekct of T-1i Weasl acgosiating 23- 
degree guate on dty cul. 


Fecurs 27. Pilot model of (-16 Weasel climbing 20-degrec siope on Mount Casitieguard, Columbia Ike Fields. 


in 14 te 2 inches of powder snow over crast (Figwre 
29). Duriag these rans, it was1 oted that, if die snow 
or ice were rough, dhe vehicle would pitch at high 
speeds. While this was not too objectionable under 
most conditigas, it did ceate a haga whe rough 
show and ice or reugh moraine wes encountered. Orr 


Fiecay 2 Piloprauceh al £11 Wessel cap acdieve 2073 
taph ca level prades snow over cour 
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Friant $0. “nberent inaease ol climb” cf about 4 dle 
ices is exitteat in downhild rau by pilos model ob #15 
Weasel. 


a hard, Sevel surfing, the Weasel could attain a speed 
af $2 mph, 
Yo derennine rolling resistance, the Weasel was 
permitted ta coast down Mount Casueguard (Figure 
30) wud markers were thrown out at dimed intervals. 
The distances and angles were measuied, cor ehied 
with cime intervals and the othe known factors, and 
the rolling resistance measured. He lighit powder siow 
over crust and with the weight al be vehide 3.838 
pounds, the rolling reviviance was dawn ta be 504 
pounds ar 2 mph, 35 at §, 627 aes, and 730 ay 1b, 
Under some conditions, the minimum freraing 
radius was as smalfias (2 feew but infer most con 
dibens, depending upon the speed and che tervain, 
re it varied betweear 1 sand 22 feet. 
Ti amany other tests, the Weasel desi 
a wide saniety of venain aed (ni 


mastaled ts 


whility lo negotiate 


tiers. Figuee 31 shows it taider wag int deep fresh div 
gh + snow, ad Figees i 10 34 demansiiate the acon of 
ni the Hexible Gack in totlowing coniona, 


heh iy soon nigh 


rua at U. Operation in dey 
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Ficeeny $2. Vilot nueatet at 11s Weasel eptipped with ¥ 
inch cheyien yrouser lor epenbons an the 1 ot the 
Nashataltew sn Glacier. 


fur Cost of sidehill gavel the Weasel suc osstulls 
traversed a [G-degree Mope at an ange of 3 degrees. 
On the level and up case grades, it towed 16 shieas 
aud hauled a sledpe loaded 10 2444) pounds. 

[i floats but hay no motive power in water (Figare 
3). 

The Weasel is able to negotiate ditches with sides 
up to 50 degrers and steps of 12 10 14 inches, and to 
knack down giccn poplars or frozen conifers wp 10 
6 inches in diameto. A green Siueb elm will bead 
and throw off a Weael. Depending on the tea, it 
ca average 3 te bimiles per gallon, 

fra tacdical desponstiation, a prablem wits ongan 
red te detenniue the relutive speeds of prasiing. 
shicis and ctrening Weasels over saicd taurain, Phe 
Ahitis, supplied by the 87th Mountain Inlang y Repgi- 
nent and the Weasels seated at the sane thine, but 


Ftatke HS Pabot Vat £15 Weaet equipped with 
geoadtts tea weateca and Clinbuag 6 qsens paiva be 
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Fiover 34. Angulae bogie wheels on the pilot mudet of 
“Y-15 Weasel clowly Joviow track fo negotiating moraine 
in Calunbia Ice Flehis. 


the skiers took olf from a high ridge overlooking the 
vehicles, Despite che advantage of this sehusy, they 
were unable to overtake the Weasels, which rev cared 
toa predetermined stwong point 29 miles away up a 
Ste Rilegree grade and arrived there 4! minutes 
ahead of the fase piir of skiers (Figure 36). 

Comparative tests with the Aero-Sled, the Bombar- 
dier, the jeep with airplane tires, and the twin Archi- 
medean screw vehicle in 2 fect of partially consali- 
dated powder snow showed that: (1) up a Ltdegiee 
slope, none of these vehicles can travel laser than 
the Weasel, with the Acra-Sled almost as fast; (2) 
down a CA-degree slope, the Weasel is second only 
to the Sero-Sled; (3) none of these vehicles can climb 
betrer than the Weasel: and (4) none of thee: vehicles 
can sucpiss the Weasel fa sidetilt wavcting. 

fe effect of the terrain on the performance oC the 

Weasel is shown ia Table 1, which gives the maxi- 
wun angie of dianb, uainum speed on level, and 
average penetration ot tack for different surkies. 


fieces 34. Sn water, pilot model of F-15 Weasel remains 
afioat bat nacks give ite net horieantal Uta ar stock 
ing contral. 


fame lo Wesel Poteavimance on Vaio ferain.® 


Aventye 
Manimuas Mandmum  penene 


angle of spend on tion al 
<tanb in fevet iit tack 
Yersain degrees miph in ines 
Mard yround {hdd 32 0 
Soft ground (335) (3) ay 
Proven fin snow 32 36 » 0 
Spring fie snow 26-81 1h 20 1-2 
Soft Giese atroy 18 10-12 Si 
Snow with rain ariist 32-6 40 i) 
Snow with suv cust (24 28) (5) (2) 
Sew with wind crust (20-2) quay ($) 
Shallow powder (Sine) ou 
ay 2-24 15-18 25 
Bevpes powder (10 iby im 
CURE Ma 22 10-12 tai 
Sdallow poweiey (4-8 ine lies) Baath 12-16 B45 
Decper powsler (O-QWinches)  (0-(4 44 2 
Deeps 6 it soow ative 24 
inches) cy {2 4) JS 


2 See seporC on chow smndins int Clap 14 of this sofume. 
Vatuce in parcnthess , ) ave estimates interpolated from test 
lasts, 


Biever Se. Piet waded of 1-15 Wratel oualistarring shoe th tactical Gan on Cohimbic fir bichis. Kren with the 
advontage ofan TAD) foot shits hor bigh ridge shows al upper oybt worn were beaten bs Uoninutes over 2 anale 
feet Cae, 


CONTIDEN TIAL 


are emer. 


mot 
ack 
niches 


tame. 
niet 


aD Dy 


Tela WEASEL 


Piqene 3. SL iathking off at Wright Field. Dayton, Ohio, 
with 1-14 Weasel scaned for experimental parachute 
drop. 


Ta au attempt to study the possibilities of dropping 
the Weasel by parachute, ane pilot model was 
dropped with a cluster 6f four parachutes from a 
C54 carga plane (Figiaes 37 to 39). Phe test did not 
succeed aud Che Weasel was seriously damaged, but 
further studies were made at Wright Field in coop- 
eration with the Samy Ab Forces ihe Army Service 
Forces, and Ue marulicturer af the vehicle. Methods 
were devised for suspending citha the Vet5 on the 
M-24 fsce below) Weasel from cither the G-54 or the 
Britivh Lancaster bomber. Numerous dropping tests 
were conducted with these vehides protected by i 
specially dovefoped nonarcbound, shock-absorbing 
¢rash pad made primiaily from corupated card board 
simila to Uiat used in “ogg arate” packing and tein 
forced with plywood web beau. Ii one series, six 
“TH car iers wore diopped and two were completely 
destroved. En another series, louieen dropy were 
made from 1.000 te 2.000 feet with each vehicle 
weighing a total of 7.200 pounds; one of these units 
rolled over on ie tide and two rolled on their backs 


but all were driven away under their own power 
within 30 minutes, Da still another series, lour Weasels 
were dropped and only one casualty was reported: -a 
unit which bad previously been landed successfully 
seven tines before. Lhe methou of secuiiug these 
vebidles to the C31 and the Line aster. copether with 
the spe 


I faking devcloped. is shown in Figures 40 
to $3. The nrocemares to be cnployed in dropping 


Fane 38. °0-15 Weasel chopping with Guster uf fom 
parachutes. 


the Weasel by parachute are described ina special 
publication.26 


Propucvioxs Mout 


Long before the completion of these tests and the 
full appreciation of the faiimes they rescaled, tool- 
ing was under wey on the production models of the 
TS Weasel, though the planned operation in 
Norway had been cancelled and some of the ppessure 
removed from this project, the first production med 
els were completed in 205 days 25 days behind the 
hate originally demanded by the Mims te amect the 


Fietne 3. 2 15 Weasel landed. sevioweds damaged alter 
expend parsehiie deg 
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cat nity ence san ernment me yap ter wet Pc ene 
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Lhd THE WEASEL 


Facute Ki New (iting developed for dapping “§ 6 
Wearct by pic an ite. 


Fuane ff. New “egy ciate” shouk-vbsorbing cradt grat 
Getelyped tor chopping 1-E Weawt tty parachate, 


Fuse $2. firivish fatcasder Gonthier carying tua T-15 
Weasels with a fdas and Gants paths fon pata fete 
daop. 


schedite far the proposed Norwegian campauga. dt 
sanac cas the dovigns was slipdthy modibedias a resale 
of emi}y tes data, but in peneral the fastmadels were 
fail on the basis of avowedsy da ompete infor ua 
sion, Only a few of these protiction nntiss were used 
iw cosmirss theaters, 


38 SHE M29 (P-24) WEASEL 


5a. Procedure 

Asso vie records began ta se curamfite on the pio 
duction pilot asadcds ab che P05 and as diese were 
compara with dhe test tesudts obtained it Ug Go 
faahie tee Fiekds tie Geranic appatcat diet tie 
Weawl noght be improved and medihed. Since its 
ee pacsstite i iach fess Unaie tat of wheetod on 
Heavies Dar k-lasing sehindes. if seen fie olf pay 
shasta possitufities for uae at sisamps amt mud. 
Whe thee othis vebichs caunan operate. Avand 
fiagts. a canplere recesiga was dee rikent 


Ficens 48. Tt Weasel laced, undamaged id able to 
opetate itauediatcls acoder ais pares alter drag with 
four pactebine ister, New faicing cal cr be qref weve 
awe inn chin test, 


Amon the major goals in this new design develop 
(Ep increased file, (2) seduced rotting re- 
jon ia 


wer 
sistance, (3) hyproved eating ta permit ape 
the popics. C1) inercased Hotation on eiicctive area ot 
tack in contacc with che ground, (4) ineptaved spa ing 
suspension. (4) improved bill tiatbing ability, aad 
(5) increased Cayo cagracy 

fn order ta trace the Lite of the Weaseb, special 
@ilention way paid to using kirger bhets in she nack, 
siengihening the fil impiasving she desigu of the 
font eves at the tious anc year springs, and devetap- 
Teg a ew shat andl ausitiass bracket to pres cue fail: 
ave afthe fauk upper stiide wheel td backer 

Vhe ovigitsal 1-15 fa several adherent character 
istisat the track ated suspension sete which con: 


uihate te reaghnew i eperatiak and a rcuhant 
igh ralligp roisitece, and tend to acdine spocd 
and aticheation. Nesy types anid) sives af tmacks, 
plates andl pratisers were Mvestigated jaa settempt 
Ton camc these weaknesses, Ditlerent bogir wheel 
and sprocket ssscaitdion wet Lika be tested, 


CQONF EDEN PEAR. 
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29 WEASEL 183 


Fivat. 4a. Frost and side view of M-29 Wessel. 


Track width was iicceased up to 24 inches in arder 
to increase the arca in contact with the ground, and 
experimentw inedele were tested lor epperation on 
hard ground and snow, ated for bill-imbing ability. 

Asa powible faprovedcuc in spring suspensiat 
Uansserse spriuging was tied (o give four ports of 
seppart, a low rate sping, and reactions to sevtical 
Joad which would e taken in the center of the hull, 
thus clintinacing the inherent weakuess sof the ont. 
i cairn Gon inthe P-1S dovge. 

Yo daprovce hill dinbing abilia, investigations 
were conducted on the advontages of nosing che 
cuygine ta phtee the comter ob grasity as be lovward 
as possible, of increasing the power, al using it tear 
ae upainst a diont drive, aud of changing te gear 
tatio combyjnations, 

Various bud) arangenicnty wore stpdicd ta give 
increawd carga waco ante locate die aecessots 


comMpaBenty more comeniends in the diaver’s cara 
feat GAL, 

Ficla iestvon the pete agacd wehicke begion cath in 
March 1963, and score conducted fast at Ralkaske, 
Shohiigati. and fatct wear Bow Samaiuit, 28 miles 
north ot Lake Loui Sberta, Cancida 


= Results 


Dirsie x44 


Lhe improvements resulting trom the desigrt study 
wete incor pomded ie a usedel Lown ae te 124 
Weasel which dater went into production anter the 
identihcation of M29 Grigutes FE to 16). 4s shows 
dur Figure é7, i dillers tron its predecessor, dhe Fb 
in having the engine mm drat aid the tack daive itt 
the rear Appioximuichys alt ot the rear falb ol tie 
watertight bull is Gear space for Gago or sperual 


cqaipntent, and seating is provided for Uiiee passin 
gers plus the dtiser. 

Sixscrn bogic wheels on each side cotay the load. 
Dhese are cauncctcd pigidhy in pats by forgings ant 
we pIvaka)s waached (a the suspensian. bie vehicle 
itsell is suspended an tom seani Mptic canes 
spiizgs with anclerages which a 


t COMI PORCH pees 
ofthe hull faasewerk. fbi cons meno rcdaters dic 
teudisues of the ack ta comes fodineibares the baad 
yiatc oneninks over the ack aac by reducing dhe 
tani loading pas bogie, aad improves rolling vs 
sit. tee by shortening tie unsupported tack spout 
heivecn bogies. 


CUNEPDENGLAL. 


uM YHE WEASEL 


Fiona. 15, Tup view of M-29 Weasel, showing accoumedztions for driver aad shice passengers, 


‘Phe center of gravity is moved forward 10 52 inches 
ahead of the center dine of the sprocket, giving better 
luad distribution on the track during climbing. 

Sinallez sprockers, 12 instead of 18 inches in diame- 
ter ason the 1-15, and smatier idlers make it possible 
to reduce the spanson height and to seat the driver 
and passengers over the track without increasing 
overall height of the sebicle. 


The wead is increased wo 45 inches, the track to 
20 inches, and the length of tack on ground Lo 7% 
inches, increasing the ground contact area to 3,125 
square inches, in contrast to 2.282 for the 1-15, 

The over-all length of the hult is [19 inches, the 
width is 60 inches (44 inches including rub rails), and 
the height #474 inches with the top up and 5f inches 
with both wp and windshield down. Toral gross 


Buses $6. Rew anid side sire af M29 Word. 
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Ficcay $7. Side elevation diagram of M-29 Weawl. 


weight, including a 1,200-pound payload, is about 
5,200 pounds, with a Unit pressure at f-inch penetra: 
ton of 1.7 psi. ; 


PERFORMANCE 


Operating vss showed that the ‘1-21 or M-29 
Weasel is faster, has less rolling resisiance, can clink 
better, has lower fucl consumption, rides beter, hay 
larger cargo space, aud performs better than docs the 
Y-15 or M-28 Weasel. 

Maximum speed ona teard surface, as measured at 
an altitude of 3,000 feet, is 36.0 mph. Holling resisi- 
ance, as Measured on the twa models ou gravel. is 
about $15 pounds at 2mph. $a) arf, $45 at 8, aad 
400 at 16 for the M 29, a9 compared with about $70 
wt 2,420 at 4,475 a0 8, and 550 at 16 for the 1-15, 

Tn one Lake Lonise test for dimbing ability in 
snow, an AL-24 Weasel wil a test weoght of 3,050 
pounds succesfully linbeda 2t-degree hill ip B-ineh 
powder snow over hard crust, Under the same condi- 
tions, a F-15 Weasel lost steceiag ona iG-degree hill 
aad failed to climb the grade. Ta tests in 2 inches of 
fresh snow over U4 inch of aust over deep wel conn 
snows at ALS Wrasel srereofilly clinthed a 17-de- 


gree hill, while a 1-15 failed and broke into che layer 
ol corn snow. 

In general, under comparable condivions, the M- 
29 can climb about 20 per cent better in snow thas 
can the 1-15 an can travel about [2 percent faster 
on hard ground 

The track, which jo the 1-14 busa specified tile of 
only about 10 miles ou a hard suitace, gives trom 
1,000 to 2,000 miles of service in dhe ME29, CP his was 
increased to 3.000 niles hy juty 1445.) 


Paopresion Movri. 


The M28 went inte production an Augnst 30, 
1933, with an original order of 1000 unit. ‘Ff his was 
Tater inciewsed to a total of $202 by May 29. 199k. 


aA THE M.200) WEASFI. (AWK)¢ 


el Procedure 


In addition to using she Weasel on diy land, sow, 
and uyad, it soon became desinable te comves¢ i inte 
a slCpropelled, auphibious unit which could oper 
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6 THE WEASEL 


Frome 2, Ba urig gael witht on tticacd secon. MER Meat 
flonta ia walter anh aehiesen spred of 15 uiyph 


aie in deep water, anid which coulel be used ler the 
veroue af airplane ews forced down in jungles, 
awanips, mud Hats, and other untccessible arcas.¥ 

In April 1948, a standard M-29 Weasel was tested 
fn a take and pevforuicd quite ussatisfactorily. Us 
wsax Ts speed was found 19 be abort 1.5 mph, and 
it was totally unresponsive to etccring ly ditlerentiat 
srack speed, Detachable outboard syoiors were then 
iisestigated boc as auxiliary auc as prinvary meats 
of propulsion (Figure 45), but these were abandoned 
because they increased the speed only to about 2.3 


tract OF Mat 1160, in coupersiee with Spark & Stopheus, 
Y.under OSRD contact OEM dA, 


Fiver 89 MY Weare eqrippad woth experimental 
back skiing for saad of water prepnbien by sh. 
wirryed Qacha, 


mph, they were casily foaled by weeds, and dice 
could not be readily stowed! during Jand operations 
without seriously teducing cargy space, 

The preliminary tests hav} indicared that ahhough 
the vehicle tact was net propelled at any great speed 
by tracks alone, the sacks apparently moved ion 
siderable amounts of water. ‘This conficmed the be- 
fief that thy low vehicle speed was duc to oppoxing 
thrusts of the propelling and return track discharges. 
‘Yrack skirting and false bow and stern amenities 
were therefore instalted tox an investigation of mini 
mizing the rcturn track thrust. The skikis and baffles 
were arranged vo reduce the inflow of water to the 
return ack, and the laifles were arranged in the false 
Daw sb ustare to cansy the discharge jet 10 imtpinge on 
the shreuding forward af dhe track atid thus cesain in 


Puver 2) Wile slew of MOSOO Weasel. with riudde as Hier) 
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Frevar 1. Site andres view of S8-24C Wes 
vers diffe and tup up. 


the fora of a forward thrust same of die cnergy last 
in the rewrn track, 


Yhe experimental unit (Figure #9) was tested in. 


water and gave a speed of about 3.8 mph. ‘Phe tack 
cold not be run at traxintam specd because the 
volume ot water pamped by the reture wack, to- 
gether with the discharge velocity dapinging on the 
baw skirt was directed upward and tended tu swamp 
the vehidhe. A acitical lack of sufficiens freeboard ‘was 
self-evident, Steering, however, was greatly improved. 
No increase in weed-touling was noticed, and the k 


Fiotar 82. Side aud font view of MEM Wench, ith 
top up. 


inch dearance provided by dhe skirt idl cat dereact 
fiom normal coss-counuy performance. 

Je was tentatively conchaded that Q)) a caapleids 
subrocrped track cond be used as (he safe meas at 
propulsion, (2) a miinnume watery speed of EM te 
4.5 mph could be expected with property devigned 
equipment, and (3) baw and steen tanks are necosstry 
to increase freeboard and to increase the propulsive 
force af the water nyoved by tae track, 

Bow and stern cells and side skitty weve they dle 
signed aud constructed prinirily as a stubassemnbty 


Siaver 3. Fup view of M2: Weasel, showing bow atl stern vefis, cajatan, bap cathicns fowered tite place, cuit 


ea amend) 


ans for shite, anh thice pavengeis. 
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138 THE WEASEL 


Fea, 3). Jostyument board and controls in divers 
compartinent of M-20G Weasel. 


which could be iustalled in the field Vhe lower por- 
tion of the baw cell, ov which the return track dis- 
charge impiiges, was shaped in the form of a Pelton 


Fie 07 Mont view Of SEPA Weasel shemiag faut 


aleatyer et haw vel 


cup, dirccting the discharge water downward and 
rearward, Compound vances were also added to the 
discharge secon of the bow cell and arranged to 
discharge a portion of the ictum oack water out- 
board and rearward. ‘This arrangemens tends to re- 
verse the direcuion of scum track discharge, thus 
producing a forward thrust on ibe vehicle. 


Vhe triangular stern scction was mounted so that { 
the bottom edge of the stern sheet was tangent to the 
track and could act as a suipper, baftfing part of the 


slipstream away from ‘ac return wack chamber, Vhe 
side sksits were nade removable and designed to give 
(inch clearance at ube tack edge. hy addition, a re- 
movabic baftic extending outward from the hult bot- 
tom was installed to prevent recirculation of water 
between the upper and Jower tracks. Provision was 
ntade (or installing a wood spar or filler in the rewrn 
track section between the inside edge of the track and 
the side of the hull center section harucdiately below 
the sponsou tlour. The installation of the filler block 
confined the reruin track water and also ga.¢ addi- 
tional buoyancy. Later a how modification was added 
to give greater bow buoyancy, added Jength of hull, 
and reduced water resistance, 

Various combinatiaits of all these accessories were 
tested to explore the effect of increased discharge of 
the return trark, track skisting, und additional buoy- 
amy in the bow cell. Phese tests showed: 

I. Removal of the outside ack skirting reduces 
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M-29C WEASEL 18 


maximum schicdle speed by approximately 33° per 
cent and abo results iu considerable Loss of steering 
control. 

2. Inside wack skirting. when applied as a hovizon- 
tal bate, docs not materially altect speed, but the 
addition of a sponson tank indicates an increaye of 
about 2 per cont in mexiasam specd. 

3. Encreawd area of discharge in the bow gives an 
inerease in speed. 

4. Added length of hull obtained by bow shape 
gives a slight inerease in speed. However, « departure 
froma scow bow to a sharper bow does not seen cle- 
sirable in an amphibious vehicle because the tories 
is preferable when the vehicle iy operated in bruste or 
jungle. 

Various rudder arrangements were tested for steer 
ing response, wid the best being two rudders, 


GAS TANK CaP stowace 


SusF PLATE 


monuted as high as possible, which swing freely on 
hinges to prevent change from rocks or logs, and 
which can be pro © cted for Land operations by Litting 
and siowing them on che deck. 


54.2 Results 


From the results of the studies came the design of 
the production model of the Ark or amphibious M- 
290) Weasel. Views of this model are shown i Fig- 
ures 50 to 56, with a longitudinal section and plan 
view given in Figure 57.2.2 

“Dhis unit, dike the nonainphibious M-29, has a 
front cngine and rear tack dtive. Tt is larger than 
the nowamphibious unit, with an over-all hull engl 
of 174 Fnches, an aver-adl hull width of 60 inches, and 
ta overall height with cop and windshield up of 71 
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Edson oH beseld noedsda ise asse dies 

Height. sops ainel oe Batebsoeled sess os, te tar ties 

Height tay anid wie Shar ft up, iis fur hes 

Weoighe eg ian gasautsacty 

Vins dead set postands 

Weight loaded in powmnds 

“Peach wielthe in iches 

Leagth od sick of prance in inches 

“Piead i inches 

wT 

ross contact asen fos ss. penctattion, js spisse fishes 

(ail gaennd prestne fos fer proctsccdos, is pos 

Ceround Clearanee ia tictes 

Cargo Boos asea in sepnay let 

Casge space solani ay clic feet 

Center of giavity abete grew, foaded, if inches 

Center sd grasity ahead of sptocket ecuter fine, lenaled. 
in inehes 

Auyle of approach indegieces 

Angle of depscstuss in tlegioss 

Maxiiinm speed an hoid atyea dosed, in nepal 

Masini speci in waster, ia nope 

Goasle ality on tietsd ashe, it degrees 
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* Movatt of sitter ceates Tine, 
ndetermmate aud avg lixihie, 


iuches aad with top and windshieht dows: of 41 
itches. Totd gio weight, including £200 pound 
payload, is adsout 6,000) pounds, 

AL se pepciaion, with a back width o} 20 
inches, div unis presse is 1 psi Phe center of 
gravity is about 22 toches ubove the growl and 52 
inches forward of the center fine oc dhe sear spror ken 
Lhe growed cheasance is TD inches. 
tye MERGES sant 
achieve a speed of fgph in wares ait $6.0 ph on 
Tad. and van ecpotrde snow. gaud. and ona boa 


Perfarovainee testy shueawerd chat 


Hers sax well as cat any ob iy predeccwon. Ho way 
oretated by both ceidins and auliteny prrsensard iss 
fehl tess fa deep and shaflos water. sind. sat 
swaarp. mazshes, tice lelds, snow. hard giannd_ amt 
itt aes roto we With weeds and tate gris, apd 
iw diushing and taveondnge spon coseret dally and 
anndds banks, 

Farther teats inde aied the Molot> would paradiedbly 
be uscted for cae cig personach park bowirers, ort 
LHS stores, aad auniiog, fot csdeaong canal 
Hew fer reconpaisaice in ditharh ter ada, far town 
wed trails on iis, ante ba Livia wate, 


Prom sion Moper 

“The Me 28C went into production on May 25, 1944, 
with an os iginad order of 3,408 units, This was fasver 
Inceased to total ordes of PMG by April 25, POLS, 


34 MILITARY USE 
S54 T-15 Weasel 


With che ao ndotuentul che proposed operations 
iu Nomi, 2 Pa was ised in ents one signilicant 
Chapala dhe receingest of Kiska tn dhe Meutian 
Iauds. Although unis was tediuicalls the “frosen 
garth for whick she 2-15 bad been developed, dre 
sehicke was actually used set on siew but on hard, 
tocky bosches which the Gacks and othe: structures 
were unable ta aunvive, and on wll, deep tuaudea 
which i acgauiated sens well, although all wheeled 
whicles were nsitcd. 

fly € 14 wen abe asce for training pia pases, pat- 
ficutaih atthe VAR Anccis Draining Conser in Coto. 
jada (Figuie 58), where if was caploved by men later 
assigned te guand patral and rewae work alang 
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MILITARY USE 14a 


Fietaa 28. 1-15 Weasel as used at AAR Arctic Draining 
Center, Colorado. with solid oth arp for winter oper.ttions, 


5.5.2 M-ZY Weasel 


"The second model of the Weasel, Ure M- 
found vo be a amere rigged and more valuable yehi 
cle. Tt was tested in training centers in the United 
States (Figures 59 to 61), and adopted by a special 
British scouting group Waining in Canada as the only 
motorized which: which could negotiate the Bantt- 
Lake Lonise arca iu winter. In the northern Uniicd 
States, Canada, and Alaska. it was used by the Air 
Transport Command to make powible efficient 


Facone 88. Dike its predccommn, MC20 Weasel can nepoli 
ate atecp Riad both wphill aid dowabill. 


ground (ransportarion, and patrol and reseuc work 
during winter along the U.S. Siberia ain route. 

In Europe, the M-29 made its brst appearance at 
the crossing of the Rapido River in Maly where it way 
wed for hauling ammunition aaows the maddy ap: 
proaches tothe river, Later it was uscd on the Anzio 


Piet xe Olt. 


Ar Camp Hale. Colorade. VON Weeel adil taalersci ve fer tioning aid fer ganspoctaten in water 
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he A 


Foca 6). fraluing Army personnel to operate M-24 Wezel with guide bites attached to controls, a proce tare devel 
oped mightalls Car ue inthe vicioity of ceva and Lice wed in the Pinopean theater for econadasnuce Osrough 
wine helt, 
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Hiens in new, bttapean PE heater of Operations. 


Rianne 2. M fa Weal used far wite Laying op 


FAG? GY Near Roce Rever in Cormans.5 Mh Cray MEY Weasel fills major pole: ev acitting Crnatiey 
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Fuocer 64. M-29 Weasel gets through mud at Ordnance Fiekt Depot in France. 


beachhead to res uc 214-100 rucks inired in the Ital- 
ian mud, and in the assault on Mount Cassino, In the 
invasion of France, it was used in the fist D-Day land: 
ings at Utah Beach in Normandy. 

Asone ol the sery few vehicles which could operate 
satisfactorily in snow, the M29 found exte sive usc 
during the winter campaigns in TG, Frarce, av | 
Germany (Figure 62). Medical units reported that 
while slippery roads and snow-dritted ficids often 
stopped: jeeps, trucks, half-facks, and even tinks 
whith weic prosed into service, the Weasel was the 
only vehicle which could get hough without bog- 
ging down and causing loss of time and lives. Snow 
drifts 4 ov more feet high and even mines buried in 
fie zen ground failed to sop it, its growd pressure 
not being great cnough to detonate the mines. 

Tnonud. stmips, and shallow water, however, the 
Weasel appeared to its best adv aittage (Figures 63 10 
65), Somie unity uscd the MEL to supply detached 
posts which could not le reahed by any other vehi- 
de Others used itin shallow water to move supplies 
and evacuate wounded. fH was widely used for wire- 
lasing operations by tae Signal Corps, as well as for 
reconnaissance, message caning, and occasional 
emergency transpertoiion Of persanuel, 

In one operatean mi the Hinigen Fosest, where it 
was believed that ne moter vehicke could negotiats 


the terrain and ouly horses could yet through, che 
failure of uiccessary pack saddles to arrive made it 
essential for the Weasel to attempt evacuation al 
casualties. “Phe Weasel was found to perform cont 
pletely satisactorils. 

Tn other areas the Weasel was used in ine fields 
for the detonation ol anti-permar 
with tolls in font of cach shack and additional 


‘Esnines, Equipped 


Pertar by \ theocedesd ys 
Hacteon fon an SP-2 Weed 


in Gontnsas prosistes sullaiene 
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Fivbey 6. M20 Weel bn ings in prisoners on bard soad 
ie Nummands (hanes en Weased this on pi oncey) 


rollers wowed ta caver the atea bewween the (racks, 
the vehicle way remaiely controlled by ppes stars 


aks reuw 
ght renee 


are 
ATE bts 


watniag 25 0 SU paris is 
attached to the steering levers as “re! 
The M-29 spade its Teast auspicious showing in 


Normandy, where it was dives on hardsuitaced 
roads in che hedgerow country (Figaces G6 anit 67), 
Ta spie of the fact chat the whic fe was not designed 
for this type of operation, having a desige Lite at 
ony a few Jundred wiles on hase roads, i¢ way used 
aatil the wacks fell aff iis some cases amore that GUG 
utiles. 

Reports fram tie Peife and China-fuimadndia 
theaters also tidicated the vadue al Chis selicte, par 
tinlarly for esacution of camaltios and wive-tay ing, 
operations overs (eriaiy dpassable to where vehi- 
tle and so heavier Urackdaying unit, The Meo 
proved so useful i ectouating canaltios across che 
swaps ans! rice paddies of Leyte aund Okinawa that 
the Aru and Marine medical groups rarety had oud 
hoient Weasels on hand te sucet rhe pequiremunts, Mt 
Iwo Jima, its performance over seft colcanic dunt 
snade it invaluable for evacudcion of wounded per: 
sonnet aml geneial cago carying, and it wits often 
the only vehicle of any kind wisich caida yet over 
this Spe vl ground. At Saipan, Guam, finian, 
Kwajalein, Sougainville, Lavon, cad Mindanao, che 


Prater 67 AL 29 Weeks ase as unep coriess is hecak through «Soin Die 
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Focsme 68, Jan held tests on Roosevelt Ihland in Potomac 
River, the M-20G, Weasct penetiates weedy marshes. 


Weasel was cployed successfully aver nvany tyres 
of terrain, although only in small nombers, 
Objections to the use of the M-29 included state- 
ments that i: was too noisy, sounded like a tank, and 
therefore drew encmy fire, it was not protected by 
armor, and it could not clintb every steep incline. 


533 


The M-29C Weasel 


Field trials and demonstrations of the amphibious 
M-29C; Weasel (Pigutes 68 to 70) quickly indicated 
the additional usefuluess of this vehicle, notably asa 
litter carrier for evacuation of waunded over dificult 
terrain (Figuve 71). 

Although i¢ saw action in Europe (Figures 72 and 
73), particularly in the invasion of Waleheren ‘ land 
and the crossing of the Rhine, it was in the Pacific 
thar whi, amphbibiowy made) was applied most sbra- 


fives 76, "This M-29C Weasel iow ing 4 104-ce how iteer 
went throughs shis 1 ouniana niudbede 15 tinws belore be. 
cet Tag frend 
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Frune 69. M-29C Wearels opesnte successfully in swampe 
aiect bayous of Loulsiaca. 


ratically, Like the M.29, the M-29C was used iv small 
numbers at Mindanao, Kwajalein, Saipan, Gaam, 
‘Tinian, and Burma, but at lwo Jima, Leytc, and 
Gkinawa it was employed in farge Heets with excel- 
Jent results. In the jungles of Bougainville and be 
swamps, marshes, rice paddics. and river country of 
Leyte, Luzon, and Okinawa, it was employed where 
no other vehicios—ofien pet even the nonamphibious 
M-29—could opersie (Figuics 74 and 74), 


Fett Ut. Special equipment makes M-206 Weaset useful 


Tot cvartatuy Gotan over didkenlt tenia. 
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Ficune 72, British manned M-20C: Weasels and LV I's land on Walcheren Island in asasult on Antwerp. 


On Bougainville, although only lindted numbers 
of the M-29C were available, these units demon- 
strated their versatility by carrying men and sup- 
plics through jungles, mud, sand, and water where 
ne other single vebicle cauld de the job, and even by 
towing guna through obsizctes which hapelesty 
mired other vehicles (Figure 76). 

As with the M-29 in Europe, the M-200 Weasel in 
the Pacific was peculiarly suited for wire-laying over 
terrain in whick a single vehicle often had to nego- 


(iate mud, water, and sirezches of hard roads. Since 
it could cover terrain inaccessible to any wheeled 
vehicle and since it could be adequately water- 
proofed and blacked-out for night operacion, it was 
widely used asa mount for vehicular radios, carrying 
the n-cessary equipment for a three-man radio team 
which would otherwise require a Y4-ton, dx4 truck 
plus a trailer, 

On Leyte, it was reported that the M-29G was the 
mist valuable of all cargo carvicrs, and that it was 


Bieta 73, Aincricay M-290 Wease] aosing Kocher River at Bouchteaherg Germany. 
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Vicuse 75. M206: Weave with @uphibious ater gets ough vce water be Solomon Klay. ts 
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Fair 76. A mudhole on Songainville is uo different 
fiom ou fy Couisiana to MOAI Weasel, 


improbable that combat, movement, and evacuation 
could have been sustained without it (Figure 77). It 


Travgs G7. In svnqntss of unidkh Phitippiass. 0.200 
Weal was afk in Sagi “bain fom shign te OT BW 
fo forssak protnce batteries i bith. 


was the only webicte which could operate in rhe cross. 
counay maneuvers which characterized a large patt 
of the campaign; it consistcudly negotiated 1 ivers, rice 
feids, swamps, niud, and sand wicheut diticulty, aad 
even openityd for extended: periods on reads and 
other lard surfaces. Becauee of the nature of the 
caripaige, che cxtensive zone of division supply re- 
sponsibility, dhe heavy rainfall, the extremely rough 
and almost inpassable terrain, and the limited 1oad 
network, Army officials constanify called for more 
adequate quantitics. “The conmanding general of 
one ndaniry division asserted that 200 to 225 M-2005 
wouid be desisable for a division operating in sirifar 
terrain, 

In some cases, reports pointed to the virtual free- 
dom of the M-29G from failure and breakdown, and 
one division stated Chat with 108 units distributed 
Itroughout jts medical, communications. and trans 
portation groups and seldom at rest, never were more 
than five vehicles laid up for repairs at any one time. 
In other cases, it was reported shat the Weasel suf- 
fered from delicate mechanical construction which 
required extreme care in operation and close first 
echelon maintenance, with excessive rack failure 
noted alter about 450 to 500 miles. In stil} others, 
ie was reported that Weasels were often inoperative 
for excessive periods because af the lack of spare 
parts. 

The Weasel was used to greatest advantage in the 
fater campaigns, culminating in Okinawa, Drivers 
and maistenance personnes improved the perform: 
ance of the M-29C) by developing numerous field 
expedicnis, such as getting across extremely soft, 
mauddy obstacles by going in reverse, and folding up 
the track aprons to prevent damage or fouling when 
crossing rough or sony ground or swamp Jand. In 2 
few instances, operators obtained maximuns per- 
formance by discovering for themselves the wisdom 
of Yollowing dhe mamufactyrer’s instructions, notably 
using the lowest speed to cross very soft ground. 

As with other vehicles used in the tropics, the M- 
292 was criticized for ineficient cootine and exces 
sive Corrosian, and—asa with other vehicles—the Weasel 
was improved by held changes developed in geneval 
tagine anil antic vyrosion research, 

“Prack faileve was reported as the most serious fail 
ure of all mode! of the Weasel. These failures, as 
reported fiom the field, ied to intentive research and 
development which resulted in improved track de- 
sige and construction. « well as instructions ta Hrait 


the use of the Weasel on hard surfaces. “Track life was 
consequently extended considerably beyond the carly 
1,000-mile mark, and in such fater operations as the 
resurvey of the Alcan and Norman Wells highways in 
Alaska and Canada during the winter of 1944-45, 
tacks survived more than 3,000 mites without failure. 


bs PRODUCTION SUMMARY 


The performance of the Weasel, its ability co oper- 
ate in mud, swamps, paddy fields, marshes, snow, 
shallow and deep water, and on turf and hard roads, 
and its value in transporting men and supplies under 
conditions where no other vehicle could operate all 
resulted in a total production of approximately 
12,000 units by the end of the war, including about 
750 T-15's, 3,000 M-29's, and 8,000 M-29C's, Plans for 
invasion of the Japanese home islands, the China 
coust, and other enemy-occupicd territories included 
the production of about 10,000 additional M-29C's, 
which were on order on the date of Japanese 
surrender. 


57 CONCLUSIONS AND 
RECOMMENDATIONS 


It appears that there will be a continuing need for 
amphibious vehicles able to traverse snow, mud, 
sand, and had ground, and to operate in deep water, 
For the development of such vehicles, the fallowing 
recommendations are offered: 

}. Development of the Weaseb-type vehide should 
be continued in order toddeyclop both a sinall vehicle 
for reconnaissance work and a touch larger vehicle, 
with a payload capacity of approximately 114 tons, 
for cargo carrying. 

2. The production designs of the 1-15, M-29, and 
M-29C vehicles and their resultant highly satisfac - 
tory performance characteristics in soft tarain were 
achieved by construction and by quantitative testy of 
many variations in the several related units of the sts 
pension and wack system. Because of the urgency of 
the prograi, there was not tine for a complete «quan 
Uiative evaluation of the test results. [tis believed 
certain that some of the features of constuction are 
fundamental factors ba the performance of vehicles 
with low unit ground pressure, and itis believed de- 
sitable that these features should be more carefulls 
exainined. A long-range research prograi should be 
instituted for their thorough investigation aul for 
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Frame 78. United! States Marines on Ohimucs sing cle 
Phone wine with aid of M200 Weasel. 


the determination of fundamental cquations for use 
in future doigns of the vehicte ype. regardless: of 
size, Major emphasis in such a program should be 
placed on such factors as length-width ratios of tracks 
and track plates, heights of yrousen, diameter au 
spacing of bogie wheels, angles o1 approach and de- 
parture, effect of ground Clearance, finishes for v ack 
and under bodies to prevent sticking of ice and aud, 
and prevention af excessive accumulation of foreign 
ter in the suspension parts, 

3. Attention should be paid to Liilitating loading 
and unloading the vehicles, particulinly the M-20 
aml M-20C Weasel increasing their mancuverabil 
itv while afloat, and increasing water speed. Tt aye 
pears that the incor poration af a propeller for water 
propulsion isnot desiable, and studies should there 
fone be confined in an atleape to increase water 
rd from tack propulsion and to increase case ol 


ap 
steering. 

4. The hollot the present M-29C should: be reade 
At the samme tine 
the ball should be uiade a one picee astead Gb vie 
three used inthe cuted M29C hal modes, 
to reduce the woght nator wothout redcaing (he 
shrongth, wad stuches shen be conducted ow the 


Lite reduce witer besistaniec. 


orelet 


praper aaigles of approach and departure for both 
the hull and the dack. 

5. bunther sudics shordd be tndertaken to restice 
the weight and goat rd pressure al the vehicte. 

6. Hohe vchidle is to be used ip ans hind of surf it 


GCONFEDEN ELsL. 


will be necessary to increase the freeboard, water- 
proof the engine, and add power-driven bilge paimps. 

7. A tubriciation system should be cesignedt to 1 
ic whe 
and other suspension parts which requize frequent 
attention, cspec jally after water operation, [nthe ca- 
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rent models, there are 58 such fittings. system which 
esome of these or, perhaps, reduce the 
would greatly reduce 


would elimi 
colire setup ti 
the driver's responsibility dur 

8. Further studies, including die use of «torque con- 
setter, should be made to improve transmission life, 


a two-shot syst 


ing combat. 
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Chapter 6 


AMPHIBIOUS GUN 


Summary 


a AS PRIB tS commbtt vehicles basedon de stand. 
ard M-L8 gun caniage, was devalaped. for use in 
fanding operations, Eis self-propelled, using its own 
trucks for water propulsion, and can fire cider ashore 
ar afloat Miree diferent models « 
studied. 


e designed and 


6.4 THE PROBLEM 


Late in W948, atthe request of Ge US. army Oid- 
hance Departiness, # study wes under way on the can: 
version of the M.(8 “Hicll Gat 
rage (Fimuie §) ie an amphibions vellicle. Iistcacdt 


TUM euat MOTOR ¢Al> 


ui merely fitting pantons to the existing gun carriage. 
modifications were to be developed so ditt the M18 
woukl be actually aniphibious, Phe sadifications, 
however, Were ta be kept to # minima, aad the 
standard components and their warangements ih the 
carriage were to be retained wherever possible." 


bd PROCEDURE 


In order to far litte ptacuction and repair it was 
decided to use tie M-18 engine, power iain, suypen- 
sion, turret, and controls, all arranged ay thes are in 
the MAS nonamphibious modded One pilot model 
(1-36) was designed to he tack-propelled, a sccond 
CY-S0E1) (6 be propelled by twin rcwew propellers. 

The design development mafuded a stucty ot in- 
proved wacks lar the 1-86 to give masini wete 
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MOTOR CARRIAGE 


speed and case in steering, Caw Q-ebaud, resulting 
fiom attempts to retuee the plole height toa mini- 
mun, and thy peeesity of prosiduig tub ends in she 
amphidions hull indeduced vision problems, snd 


Sal ious vision Cupalas, periscopes, aud block aa range: 
mens were tested iy an arteompt to solve thes, Since 
Meeting by wack wis dound to he usatistiactory, 
cablercontrolled rudders were added. and were found 
clheetiy wk Che 2-86 arial the P-KGEL. Pwo ait 
inlets were provided, one whe convenconal deck grill 
placed behind the fore. aud the other Chiouph the 
turret cover fa take all cooling ait. Various types of 
cooling air exliauat stacks were Ub ied. Field kit water 

proofing was used in the fost (wo models, but was 
not found satisfactory, 

At the conclusion of the design suid and field 
lests, plans were begun for a third model. the V-87, 
which was to be the protatype ot rhe proditetioss 
wede) and to contain many of ae anprovements de- 
\oloped diving this study3 


8s RESULTS 
Ss Model T-86 


The tack propefled P86 is shown in Figmes 2 
and 3. iis 351 inches long. (22 inches wide, and (65 
inches high, with a gronud Clearance of FL ¢ insehes. 
Mounting a 76am gan aad tally equipped. is weighs 
15,000 pounds and has pros isions fora five aay ew. 
Die ack is 20 inches wide. giving a pronnd contitet 


© This tiscstigation wav sotditcted be Spy hina \ Me phen. 
far. Noe Vork. NY tler CNR EF eortear Ce Mist 190, 
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Laut as 3. Side view of pilot model, 1-86 amphibious gun motor carriage, showing side track shitting, 


wea at 4-inch penctration of 5,680 square inches and 
a unit ground pressure of 7.92. (See Table 7.) 


‘Lasts. 1, Comparicon of Amphibious Gun Car siage Models. 
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Jiseks  Mapelters Lacks 


Water propoidon 


Over-al! hull length ia inches 351 M1 321 
Over-al! hull width in inches 122 122 122 
Height iv inches 15 1S 115 
Weight in pounce 14,000 46,000 5.000 
Track width in uiches a 21 23 
Lengd ot track on gietnd 
in inches Wt? 7 HF 
Qicad in ite ties 95 on 95 
Ground contact crea ni snare 
inches 4480 5.GRO 1680 
Vail ground presse for Linch 
pone ation (os) 7 R2 9 
Ground clearance in inches if it i 
te of apgnaach in deg.ces st 3 ul 
Angle af departure in degrees Mi 38 ia 
Masimuie speed on land amply ai 15 i 
Maximum apoed in ws.itet ciph) 42 2 nt 
Grate ability in par cout au oo Ga 
5 17.4 ives 


Honepawer per ton toad 


Tos maximum speed is Ho uaplion band and §.2 mph 
in water, i Gluising range iy 150 miles on land and 
30 miles in water, and iCean le operated in a 12 to 
Wi-foot save. 

Trosea uiate a Fou Ord. Catilornia, and Rehubeth 
Beach. Delaware. manecuscrabilit, and centrel were 
hath satiacens, ane patching wpe rolling were mot 


severe enongh to interfere with the comfort and 
safety of the crew. Except for small scal leaks, the 
crew and equipment were satisfactorily protected 
from waves and splash. The vehicle was run through 
surf ranging in height from $ ro 10 feet without seri- 
ous diving or pitching. Performance in sand and on 
beaches was considered satisfactory, and the vehicle 
way able to land on the beach from the water at atl 
points in the “st arcas, 

Operation both in water and on land was im- 
proved by adding a third stecring station just for- 
ward of the turret, cutting off the lorward corners of 
the deck trunk, installing < vision block in both cor- 
ners, and substicuting a vision block fer the forward. 
periscope on the driver's side. 

Jn one firing vest, the vehicle opened fire at 1,500 
yards arnt ran in to 800 yards, firing about 20 raunds. 
Vhe accuracy was extremely poor, with all but the 
first shot poing high. In anotber test, Un vehicle 
opened fire at 2,300 yards and hicthe target with four 
shots. Military observers indicated that the difference 
in these results was due to the difference in experi- 
ence of the yun crews. 


Model T-86El 


Phe propeler-equipped V86E1, as showe in Pig: 
ures 4 to 6, differs from the ‘Y-86 in having a total 
gross weight of 16,000 pounds. a unic ground pres- 
sure of RLY psi, a maximum speed of 6.2 mph in 
water, and a cruising range ef 150 to 175 miles on 
Jan ced 60 to 85 niles in water. 
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— Model T-87 


Although the addition of propellers 10 the gun cat- 
viage increases the speed and the cruising range of 
the vehicle, the added equipment increases the total 
weight 10 46,006 pounds. Accordingly, the prototype 
model T-87, shown in Figures 7 and 8, was designed 
to meet the speniication of 45,000 pounds, Driven by 
tracks like the ‘T-38, it differs from the former in 
having a hull length of only about 27 feet, factory 

gare or fas. |= waterprooimy, and differcat armameut, including 3 
Fives, §. Cwia propellers ee T-BGEL (Modification }) 193.nm howitzer, twin .30-caliber machine gongs, and 
amphiblous yun suotin carriage. four automatic pistals. In water, its maximus speed 
as expected to be 5.4 mph and its crnising range 40 
miles. 

Design work on this model was started under 
NDRC, but final design and construction was done 
under the Development Branch, OCOL, 

Asother desigs was completed as the resuht of a 
surly of a larger amphibian built from standard coa- 
pouents but noc using a wancurd chassis as 3 basis. 
Tntended to ieorporate Ub sirable features without 
concer for the time timitation in building pilot 
models, it follows the recommended vend in new 
amphibious tank design. The rear drive permits the 
id bx moved forward, A sixth bogie is added 
to dacrease geaund contact area end decrease uit 
growial proisure. 
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Fieve 6 VaR) aophibious gun muntor satiiage afloat. 
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Pictur 8. Diagias af fF apie gin amor Careage. 
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Chapter 7 
PADDY VEHICLE 


Seommuary 


Ps a amphibious Guye Gurie: with a low unit 
ground pressure was designed for use in rice 


paddics and similar water-covercd areas. Based on 
the T-39 light uacter. a pilot model of this paddy 
vchicle was constracied for field tests under the Ord 
AACE Departinent. 


a THE PROBLEM 


Ht 
Ordnance Department, a study wis 
tember TIGHT on ihe conversion of available wach- 


having vehicles into light amphibious cargo car iers.” 


Sneed expressed by the b Army 
initiated te Sep- 


72 PROCEDURE 


Aosuivey and preliminary analysis wits made of all 
available vehicles and components, Cogether wilh ox- 
perimental models undergoing tests or sall on the 
drawing boards. From this analysis, it appeared that 
the most promising vehicles which might be used as 
a basis for the new paddy vehicle were the F-16 wai 
sersal carrier, the U-9 light tractor, the “PG light 
tank, dhe 1-39 light wactor, and the power vativ of 
the M-Sar M5 fight tank. 

Further study showed that iar amphibian bascd ow 


* Proycet OD 95. 


the 1-16 universal carrier would have the advantage 
of light weight and low unit ground pressure, bat 
woubl icquire considerable icarrangement ab Uhe 
power train. Phe amphibian would closely resemble 
the Weasel light cargo cartier but would huve a 
higher rated payload and greater horsepower. 

Accanier based op the 1-9 light uactur would be 
promising in payload and power, but a complete 
ten ang-ment ol cumparents would be needed and 
@ new suspension would have ta be designed to ac. 
commudate aw wider tack. 

‘The use of the 1-9 hight tank was considered at first 
but rejected because ip was not then in production 
and would require many changes in the conversion. 

Avehicle bsed on the M-3 or M-5 light tank power 
tain would have high rated payload, high horse. 
power per ton, and icliable, proved component. On 
the other hand, it would abo have high gross weight, 
and its components would have to be conipletely 
rearranged. 

From these considerations, it was decided to pro- 
ceed with an amphibian based on the 1-39 light 
liactor (Figures | and 2). It was expected that such a 
sehicle would require only nrinor changes in arrange: 
wientol components. Although its horsepower would 
be low and its Qack was unproved, it would have 
high pavtoad, low ground pressure, and a reliable 
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Figure 4. Side view of T-S4 paddy vehicle, showing side track skirting. 


power train, These advantages were chought tu be af 
considerable value, 


13 RESULTS 


Design work was begun under the National De- 
forse Research Cominittes [NDRG}, with final de- 
sign and construction undertaken ander the Devel- 
opment Branch, Office of Chicl of Ordaance, Detroit. 

The design of the amphibian ay converted tron 
the 1-39 is shown in Figure 3, with the pilot mode? 
shown in Figures 4 and 5° 

Vhe paddy vehicle is 19 teot 4 inches long. 8 fece 


wide, and 6 fect bigh to the deck, with a track width 
of 19 inches and a unit ground pressure of 4.5 psi. 
Cargo voluine is 120 cubic feet, the Noor area being 
55 square feet, and the payload 3,000 pounds, ‘The 
weight light is 141,000 pounds. 

Latcr, after the termination of the investigation 
wider NDRG, ficld tests were conducted under the 
Ordnance Departament. These showed thar the maxi- 
mam speed is 4.0 mph in water and 20,0 on land, the 
grade ability is 60 per cout, and the horsepower per 
tan is 12.8, 


© Coustuueted by che Lime Pocomative Works, Toc. Lima, 
Ohio. 


Fuca 8. Real view of F $4 paddy sehich:. showing shist 
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61 PELICAN 
Summary 
NADER this project’ a survey was made of existing 
Jan schicles and components available for use 
in large-wheeled and halfaiack amphibians to have 
a rated payload of 6 tons ar more, Design and de- 
velopment catended onty through drawings, calcula- 
tions, and scale model tests. No full-size pilots were 
coustucted, 
ait 


‘The Problem 


By July 1912, carly work on the DUKW 21ten 


amphibian indicated that a larger vehicle was de 
able, and a design study was consequently initiated 
for such a vehicle to be based on a standard land 
vehicle or its components.” 


Procedure 


Ava bysis fora wheeled amphibian with a G-ton 
payload, several models were considered. 


LRed 


# Project OD 95, 


Ware 6- Lon 6x6 Citassts 


Lasouts were prepared and a scale miacdel tested of 
a propeller-driven amphibian with a scow-ty pe hall 
and wheel cutouts said Cunnels simike to those in the 
DUKW. 

The full-size model would be whout 32 lect long 
and & feet wide, and would weigh 28,000 pounds 


light, 


Byockway 6-TON 6x6 Ciassis 


‘Two scale models were built and tested, the first 
having a DURW.-ype hull and the second having a 
boat-1y pe hull with appendages, as shown in Figure 1. 

In full scale, each would be approxunately 41 feet 
long and 10 fect wide and would weigh about 28,000 
pounds untoaded 


Crryroter ARMORED Car 1-19 Cirassts 

Preliminary layouts were mace of a 3-ton 6x6 ve- 
hide and a 7-ton 8x8 amphibian (Figare 2) bused on 
the 1-19 chassis. 


WThis investigation was conductes by Sparknen  Stepheas, 
Ins. New York. N.Y. ander OSRD canta OF Mar Tab 
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Fienae 2. General arrangement of Jon, 8x8 amplubian sag Ud Chrssalet abmored Cir componente. 


The 5-ton amphibian has approximately the same 
over-all dimensions and weight tight as does the pro- 
posed Brockway conversion, while the 7-tan vehicle 
is proportionately larger. Decreased resistance was 
anticipated because the power train would permit 
complete housing of the diflerentials and drive shafts. 
This chassis would have the advantage of more power 
than the Brockway, but itis not standard and was vat 
in production at the time of the investigation. ‘Vhe 
time involved in getting such a vehicle in production 
was judged to be too long, and further work on it was 
drapped, 

These studies indicated thac che prcierred hui tot 
wheeled cargo amphibians is essentially rertangulay 
in section, with a scew bow, little or no dead rise, 
tunnels for all appendages, full scow stern, and maxt- 
wna housing for all wheels. 


ERALE TRACKS 

Por payloads mote than 6 tons, the disaus antapes 
of wheeled vehides become decisive. Std was The e- 
fore initiated ona series of halltwack amphibians for 
payloads of from 2 ta 24 tons, Calculations and lay- 
outs were made and some sale models rested. 

Only bricl consideration. was given to a proposed 
amphibian based on the standaid Asus troop-carn- 
ing half-track, which would have a gross weight of 
about 19,000 pounds but a rated payload uf only 
about £000 pounds. 


Instead, major interest was devoted to a hal ltack 
amphibian based on the qack and suspension of dhe 
medium tank. It was concluded that a practical half- 
track amphibian would require a conypletely new 
design. He would have wo he appreciably Jarger thar, 
the DUKW and accordingly would have additional 
uses, such as ferrying a lully loaded 214-ton tuck in 
ship-to-shore operations. Since it was desizable to usc 
existing cquipment, the medium tank track and sus- 
pension apparently offered the best basis ow which it 


new design might be sarted, 

Four primary designs were prepared, one with two 
individually suspended front wheels and two-chirds 
of he medium tank ack and suypension (Figuse 3), 
one with fow front turning wheels and two-thirds of 
the track and suspension (Figure 1), and owe designs, 
cach with fany wheels and hull track and suspension 
(Figures 5 and 6). 

In each case both sew and Kitten cove foidas 
propcHers were studicd “Phe proposed gross weights 
sary from 16,000 to 110,08) pounds, and the overall 
fengthis fram iG to 55 feet. Che vehides woul be 
powered by Gwo 220-hp Died or gasoline engines, 
and wouk) incorporate a loading ramp to cable 
than to carry fully loaded ucks or tanks. 

Model tests showed that, in general, the frons 
wheels account for about & per cent of the total resist- 
ance, the tacks for about ¥ per cem, the ont wheel 
cutott ba avout 18 pri cont the track caioud for 
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JOP GF FROPELLER TUNNEL, 


Fievar 3. Plans for proposed Pelican with two front wheels and iwo-thinds of medium tank back. | 
about 15 per cent, and the combination of wheels and ing equipment is at least as great as the resistance of 
cutouts alone for about 50 per cent, Jt is apparent, a comparable boat. 
therefore, that the pure hull efficiency is reduced by The lowest resistance: per ton for the same speed: 
the necessity for housing wheels and other append- length ratio of all models tested is given by the ve- 
ages, and that the actual and incidental increase in hicle with two front, individually suspended wheels 
resistance due to wheels, wheel suspension, and drive and full medium tank tack and suspension. .\ full- 
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Fietre 6. Plans lor proposed Vet 
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vame speed- seale unit of this ype (Figure 7) would havean over "1 Conclusions 
thy the ve at length of 1 feet and a width of HE inches. With AB nough none of the units investipatted in’ this 
ded wheels 100 hp to drive two cvdoidal propellers, it would study wits canicd to completion, the information ab- 
ion, A full. have a specd of 8 mph in water, Hawould weigh 10.000 tained was applied to advantage in the study ob other 
pounds light and 80.000 pounds loaded. It world amphibious vehides designed under Division: 12" and 
= | have a seern ramp and salicient cargo space to take a should be of saluc to any futiie pregrand tor the 
fully loaded G-ion 6x6 ruck. design of samphibions Gugo eatrricts. 
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Fiocar 7. tans Cor final proposed Pelican with two hont wheel ah (nd) mediwn tank pack. } 
a3 FIFTEEN-TON, 4-TRACK 82% Procedure 
AMPHIBIOUS CARGO CARRIER A study of existing U.S. Army hil lcracks and cage ; 
Summary ted German 34-tracks, together sith conferences 


with Ordaance Departinent representatives, ted to 
the design shown in Figures 8, 3, and 10. Later, in 
ander to provide closer coupling of track and front 
wheels, a sixth vagic wheel was added on cach side, 
as shown in Figuye Tl. This also reduced the iyit 


Designs bave been developed for a 15-19n, Y-vack 
amphibious vehicle to cory heavier loads and biyger 
vehicles thau was previously possible. Drawings and 
inode} tests were completed, bur ne pilot model w 


built, 
greund pressure hy increasing Qack graund cantact 
Aas The Problem leugth aia ground contact avez. 
Acabe request af the U8. Atiny Ordivance Depart tuclividual suspension or a single nansverse Jeaf 
ment, design work was undertaken in May S4ffon 4 spring suspension fer the front wheels was recom: 
large Y4-ttack carrier for stiip-to-share operations” tended, ‘This provides for aminimiun of hall more: 


weENL over Uneven terntin. Siee 14:00 by WE tires were 
© This investigation was conduct by Spaskinan & Stephens, +l 4 ; . ; epee 
tected to aupteve nd performance, Aa tutermit- 
Tne, New York NY. antes OSRE con Gar ORM-IS Cin an TES BOE 1 au petal 
tot frant wheel drive was specified to assist in exits 


apenaion wills the Deselopment Branch of the Olle of Thiel 
of Orinauce, enol, Mich, from the water by wnetion and to improve stcering 


Pindar 8. Side Siew of mode) of proposed 14 ron. +4 pack oaphibions cing caren, 
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Picts O) Modeb of proposed 15 tom. 1, tack amphi 
ramp down for ualoadiaes. 


Car yo Carrier Showing st 


contyol in surf or up steep banks er beaches. A 2t- 
juch steel Gack as dervctoped tor the U-87 amphibious 
BUD Molor carriage was specified because ios width 
and low weight contribute to low unit ground pres: 
sure and improved: performance. Further tack de. 
velopment s reconmended, ‘Vorsion bar, valite 
spring-stopped suspension was specified especially be- 
cae these standard components were already in 
prcluction. 

‘The M-8 power cquipny nt was specified becuse 
ol its availability and proved worth. An hydrautic- 
type Gansmission was recommended to prevent dig- 
sing in water ovits by gradual application of increased 
torque as required. 

A ramp was provided to assist loading and unload. 
ing of Garge and wchicles to be carried in the cargo 
space, Sufficient space was indicated to permit load: 
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aes Results 


Vhe hui design as shewn in Figure 10 was Sater 
modilied toe permit the vehicle to euter an ESP 
| Landing Ship, Vankj ramp Irom the water. Wheels 
and tracks were housed in cutouts fitted with autside 
cover phates. A pormanent cover pkite and a removal 
plate were specified. Ate tangalar hall mn crows sec- 
tion with no dead rise pros tes maximum buoy ances 
for given dimensions. Cutout cover plates for the 
hacks should be hinged te pounit tack servic ing. 
Decking at the stern is neces: for protection in 
rough water and surf and in steep exits from wider. 

A power tike-off tor a twit screw propeller drive is 
shown, with tke propellers and rudder housed in a 
tunnel pratected by the hull and the track. In case 
the propellers are damaged. emergency propulsion 
can be obtained from the shrouded wack. A modified 
Ker Novae propeller shroudingg! was incorporated. 

The proposed vehicle, as shown in Figure FH, would 
have a net weight Gf 40,000 pounds amd a payload of 
30,000. Hs estimated masiiime Land ypecd is 35 mph, 


Dew, abby the Diave Corporation, Pitsburgh, Pa, 
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its water speed 4 mph, its hawt creising range 200 
mndes, cai its grace wbiies 60 per cent.” 


"7 AMPHIBIOUS TRAILERS 
Summary 
Sevecal Wailers were desigucd for ase with the 
DUKW and rhe Pelican, and one 2y-ton, twoowheed 
experiential) unit wis built and tested, 


ae The Problem 


In onder to increase the Girryiygs capacity af pro- 
posed annphibious whicles, 4 design stacy was insti: 
tuted on amphibious wailers which could be used 
with the DUKW of with one of the types of Petican 
under consideration." 


sz Procedure 


Two designs were developed for the DU KW, one a 
Tetan and the ather a 2Y4-ton nailer, each with uso 
wheels, Two others were developed for the Pelican. 


ose a H-ton and the other a 20-400 trailer, cach with 
four wheels. 


ass Results 


Av experimental pilot awdel of « DUKW Gailer 
was coustracted ay shown i Fignre 324 Ts over-all 
length is 176 inches, its width 9G inebes, its feipht to 
deck 65 inches, and ity weight ligin 2.000 pounds. 
“Tests showed dat this trailer is unsuitable for use i 
the surf and that it decreases the inaximun water 
speed of the tractor DUKW by about 2 sph, While 
the trailer offers a convenient method for increasing: 
the payload of the DUK W (Figure 14), the disadvan- 
tages were sulteient ta lade Larther devclopmicest. 

The investigation showed thai ihe wheels and sus- 
pewsion mast be housed to reduce water drag, and 
tht the aller must be designed to act as an addition 
so the actor hull. Separation fron the tractor allaws 
an independent wave system to form and tends ta 
Increase greatly the total surface wave-making resist 
ance of the combination.t 


© Butte by the Yalow Viack & Corb Co. Ponti 


Frotwee 2. 214-tou alnphibious tailer atiahed to DU RW 
fo hand aperations. 


Furr 13. Daaded 204 tan amphibious trailer towing 
asteth af loaded AL RW. 
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Chapter 9 
AMPHIBIOUS DEVICES 


cal VEHICLE FLOTATION DEVICES 
Surnanary 


Ve devires Lor ferrying vehicles ar Wemporar- 
ily converting them for amphibious operation 
were shialied intermitendy trom April P94) ta carly 
in 1645. fy many cases only calouhuions and design 
sketches were completed: in audters, the work pro: 
wressed as far aa scale wodel tests: and i td) others, 
pilot models were built and tested, aud a few devices 
went into production. Vhese latter incuded the 
Ritchie (+6 and 1-7 rigid pontons far wedium and 
hight tanks, respectively, which were developed by 
the Ordnance Deparauent with members af Division 
12 serving as design consultants. The 1-6 device was 
used snecessfully in hinding operations at Okinawa. 


oe The Problem 


A study of methods ta kind tanks under conditions 
in which landing boats could not be ased was started 
in April 19491." An cark exchange of data with British 
warkers ied to particular cusphasis on designs of rigid 
plywood oy metal side ponions, bac diese were ecm: 
porarily dropped withaut tests and major attcation 
was given to the use of the DURW as a ferrying 
sebicte, 

Effective “diy ferry and “wet ferry” devices were 
developed for cnabling the DUKA ta catty vehicles 


@ Chis investigation was conducted by Sparkman & Stephens, 
fiw. New York NW. ber OSRD contac OF Mat 1k 


up to the weight of the mediun Gak® Phose devices 
were ever exploited beyond the experimental stage 
since better scans for doing Ute sae thing were de 
velaped by the Armed Services, The nvemigation of 
Notation was ater redicaed io totution deviers as 
well as flotation vehicles, and emphasis was again 
placed on ponion studics and similar problems, Fur. 
Sher iMpeais to Chis approach was given by Ue suc. 
cessful submerged track propulsion tests psade on the 
Weasel its dhe summer of HE8,° whieh, with fater 
tests, Clearly indicated the potentialities of water pro- 
pulsion by nivans of Lully sabmerged standard fan 
tracks. 


wa Procedure 


The loosely coordinated studies of Division 12 and 
OCOD were integrated under the “Ritchie Proje” 
ia January 1941, ara (bivisions 12 was requested ta act 
throughout this progeuu as a consultant to the Ord 
nance Deparnineut. Under dhs project, several de- 
vices Jor tank flotation were built and tested, includ 
ing the fallowing: 

{. The Hale Bevice, with collapsible side pantany 
inflated hy Gank engine exhaust gas, the cutive wit 
propelled by saew propellers driver off the rea 
idlers. 

2 Che Engiveer Ponton Device, with the vark sus 


pended between two pontous in a wet fer y and pro. 
pelted by vutboatcd wats, 
1 Save Sex Lit 
© See page 171, 


Bou 2 Mf Ab inediias Genk cqaipped with Rucdue 1 6 flotation sfesice: 
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Frocur 2. Front view of Web AL medinin tak equipped 
with Ritchie 1-6 flotation device, 


3. DD ant Pagaw Denices, consisting of collapsible, 
vertical, canvas tank hull extensions, the unit pro- 
pelled by wrew propellers driven off the track sus: 
pension, 

hk BB or Ritchie T-6 and Ritchie P-7 Devices, de- 
scribed betaw, 

5. The Blankenship Device, using detachable, in- 
flatabie bags te provide the uccessary aduonal 
Dunyasicy. 

& DUK feresing devices, decribed) chowterc” 


we Results 
Var Reve Vi Froraton Device 

Figure } shows the Ritdtic Ii des ice hued ta the 
Mf At aucdium tank. tn this instalfation, nwo large 
welded sive! pontons are attached by pis to the for. 
want ene af the tank (Figures 2 and 3), wo other 
large units are adached to the alt end, and fou 
stnaller units are attached ont cach stde. “Phe anit is 
propelled in the water by ity shrouded fulfy sub- 
merged tracks. ‘Vests conducted at Pacony, Pennsyl- 
vania, showed that this niddel can travel at about 4.2 
smph jn water (Figure 4). This speed can be increased 


Fite 4. Scale madel of Ritchie 1-7 Hotation device 
alached ty MPA gen sietut carriage. 
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AMPHIBIOUS DEVICES 


Favret 3. Pontons i Ritchie 9-6 thotasion devire ae 
secured Wi renorabfe pins, 


Ficvan fh Riahic bf Motation device afluat 


to nearly Fomph by the nee ef special graavers, bet 
these mitke find mmaucuvering more difficult, 

The (P-6 device, stightly modified and supplied 
with equipment co jettison the pantons, went itta 
production for possihle use in the invasion of Nor- 
mandy. Actually, however, it was tise Gsed i combat 
in the invasion of Okinawa, when 20 of ese devices 
were employed by the Marine Corps, mitking it pos: 
vihle to place 20 ranks on the beach without the need 
of special Janding bouts. J ae pontons wore derached 
ay soon as the caitks tomched ted. allowing tte units 
to ge into action immediately without exposing: their 
crows 19 direct enemy fire, 


tay Re an Devick 


‘Yhe Ritchie V7 deviec, as Munrared by the «ale 


Fieve &. Esprrimental istalution of Richie 1-7 flora 
tou devise on MERE gure anton En Tage 


TEAL 


VEHICLE FLO EAT TON DEVICES 16? 


model in Figure 5, consists of only two y ontons, one 
attached to the forward end of the M-18 pun carriage 
and oug attached to the alter end, The wacks ate 
shrouded for higher propulsive cificiencies in the 
water, At the completion of die model tests, a full-size 
unit was constructed and fitted to the M-18 carriage 
(Figure 6). In field tials, the maximum speed of this 
unit in water was found to be from 4.2 to 4.8 mph. 
, Similar devices were applied to the M-24 and M-5 Al 
light tanks. 


Licny “Fang Srorarton Drvices 


ments with the Saausster collapsible hull device were 
considered to be unsuccessiiul, “Phe recommended 
Gps are the end float devices with cither rigid pon- 
tons (Figure 5) or collapsible pontons (Figure 7), 
‘The pontons in the latter case would consist of in- 
flatable, rubberived fabric bags housed in inctal 
covers which would) unfold in the water and protect 
the bags m the floating and stowed position, A rotary 
vine pomp would be used 10 inflate the bags through 
face the front and the rear pon- 
tons would each be composed of three bug sections, 
the tailae of one bag or its destruction by guntire 


individual ir lines. 


Several methods and types of equipment for foat would not result in total laihae of the flotation, In 
ing different light tank motels were studied between operating ¢his device, the turward ponton wauld frst 
April 1942 and January 1945. Among these were vere be swung from its stowed position alt and its beam 
tical hull extensions, side aud end pontons, rigid wad — damped into a ean lock. Both forward and alt bags 
collapsible floats, and the use of amphibious vehicles would then be inflated, and the vehicle would be 
or boats to make up the deficient buoyancy, Experi- ready te enter the water, When the tank Icaves the 
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water, the beam woukl be released from the beam 
lock, the poitons deflated, and the forward ponton 
swan aft. As the forward ponton falls inte its final 
position, it woutd hit a stop and force the a(t panton 
jnto ity final stawed position? 


Riu Ponions voR THE Jere 


During the carly development al the amphibious 
jeep, teaw® wore conducied simultaneously on rigid 
pautons? to be attached to the sides of the standard 
GP Y4-ton truck. Vhese pontons swing down into 
the water from a stowed position and are 10 float the 
vehicle ata water line about 5 inches below the whee} 
hub center, Propulsion would be obtained from an 
outbuard-drive screw propeller driven by a power 
take-off from the (ruck engine. Fowing tank fests 
with scale models, however, showed that although 
these pontons permit ue vehicle to move slightly 
faster in water chau can the amphibious jeep, the dif- 
ference is insutticient to outweigh the disadvantages 
of coping with Large, portable, rigid pontons.! 


Col arsnilé PONTONS FOR THE JEEP 


At the request of the U.S. Army Orduance Depart- 
tment, attention was directed toward the design of de- 
tachable, cclapsible pontons which could he used for 
traversing deep water. Figure 8 illustrates a method 
recommended for the jeep. Special waterproofing 
treatment would have tu be given to the vehicle. No 
pilot made! of shis device was constructeds 


ore Conclusions 


With the development of waierpavofing methods 
for standard Army vehicles, the valuc of the collaps- 
ible pomen iu ferrying operations is poteutially 
increased, Even though ne satisfactory inflatable 
pouteu was devcloped in this study, Uhere dacs not 
appear to be any insurmountable design problem. 
It is therefore proposed that the ins estigation be con- 
sinucd an the development of p which can be 
stawed and carried by the vehicles and which ian 
be attached and indsted whenever desived. ‘Che ve- 
hicle should be able w use its own power to enter, 
Teave, aud travel in the water, 


a TRAILER HITCH 


A special hitch developed for amphibious wailers 
has beer causccucted aud shown in (ests (0 yeduce by 


itiatedeay Ot aeteteiod s cieieteh tetera 


; ‘suopony | 


Furrar 8. Diagran of collapsible Ganton esi on for stand- 
and Y-lon, 14 jeep, 


50 per cent the tue required to connect the trailer 
to the tractor, 

Yn January 1945, at the request of the VD. 8. Marine 
Carps, work began on the development of an am- 
phibicus wailer hiwh which would simplify conncct- 
ing the trailer so the tractor, such as an LV or a 
DURW, and buprove the method of release. 

Tu February, the first model of the hitch was de- 
signed. (t was w constructed that upon release the 
entire mechanisat ix separated from the wactor and 
retained by the traitor. Field wiats showed that its 
use seduces by 58 per cont the time seguired for mak- 
ing the conncetion. Structuras failutes, however, 
developed during these trials ander loads closely 
apprasching the maximum likely to be applied, The 
design was consequently revised and the strength 
increased approximately dhece times. It is believed 
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170 AMPHIBIGUS DEVICES 


that this modified structuue (Figure 9) will operate 
satisfactorily.7 

Although the use of this hitch with a tailer results 
in a loss of water speed—-about 214 knats—this does 
not scriously affect its use in specific applications by 
the Marine Corps. 

in cases where merchant vessels must literally jetti- 
won their cargo off the beach in order to avoid sudden 
attack, these cargoes can be picked up later in au 
phibious trailers without any great urgency. 


os SELF-PROPELLED AMPHIBIOUS 
DEMOLITION CHARGES: 


A special type of bow attachment was designed to 
give high stability to a high-speed, rocket-propelled 
umphibious demolition charge. Only limited tests 
were conducted before the cnd of the war, and the 
attachment was not approved for production until 
after the war had ended. 


As part of a larger program being conducted by 
Division 17 of NDRG, a study was begun in March 
1915 on the design of a special type of bow attach- 
ment to give high directional stability toa high-speed 
ataphibious device, This attachment (Figure 10) was 
intended to simulate the shape of a typical V- bottozn 
motorboat and w keep the amphibious device from 


ject “Snake.” 
Summary Feehuical Repurt, Di tsion 17, Volume 1. 


“CONNECTION TO SUIT wOFK 


SPRay STREP, 
oe 
é 
COMALCTION TO Sua ~ ne ~ KEEL 
*PERMAMLNT Rese * 
(TEMPLATE) 
RLE VATION 


Prete 10 Han for bow attachment for project Sicke 


heeling over and then vecring in the direction of heel. 
‘The plan calls tor bottom sections which can be de- 
veloped and Jaid in with steels 

‘Three ol these bows were later built and attached 
to the highspeed, rocket-propelled amphibious de- 
molition charge known as the Snuke (Figure 11), and 
submitted for tests during the weck of August 8, If 
at the U.S, Naval Ainphibious Vraining Base at Fort 
Pierce, Florida. In the fist two tests with the device 


2 


Feta 12. Stake with special bow ataclnnent ready foi 
daunching from LCM(3). 
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Jaunched frou an LOM) (Figure 12), the rockets 
de were fauley amd failed to move the Snakes. In the 
third test. the Smake was launched about 1.800 fret 
ollshore, Waveled ita straight dine auoss the water, 
beached, plowed into a wallof Japanese scallies three 
deep. demolished the first, overturned the other twa, 
and continued on for half its own lepgth (Figure 13). 

In anothe: test, a Snake equipped with this bow 
landed t feet from the target, while units based on a 


U.S. Marine Corps design landed an average of 150 
feet from the target. 

Despite the success cs these carly tests, the bow de- 
sign was net accepted lor production and instead the 
Marine Corps madel was adoptca. ‘The first units 
were scheduled to be shipped to the Pacific ‘Theater 
at the end of August. Later, however, plans were 
changed and the boattype bow was incorporated in 
the final design, but by that ime the war had ended. 


Frotre 28. Sincke with special bow afiachiaent on beach 
av Fort Pievee, Florida, atic offshore launching. 
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Chapter 10 
AMPHIBIOUS STUDIES 


10.1 ‘TRACK PROPULSION IN THE 
LVYT CARGO CARRIER* 
Summary 

ees towing tank Lost. were conducted 

on two models of the LV cargo carrier, ane with 
tacks completely submerged and the other with the 
return tracks aut of the water, “These studies. includ- 
ing measuremicats of resistance, sell- propelled speed, 
self-propeiied drawbar pull, and (riction, showed that 
under che conditions of che ansvestigation and with 
the track used the emerged track is superior. 


10.3.3 The Problem 


In Novemver and December 1944, tests were con- 
ducted at the request of the Developsuent Branch of 
the Office of Chief of Ordnance. Detroit, to derermine 
the relative merits of craerged and salmne ged tracks 
for water propulsion of the LWP cargo carrier (Figure 
4). 


10.22 Procedure 


Ywo scale models were snpplicd for these tests, 
LWT Model N-3 (Figure 2). which operates with the 
teturn tracks ciuerged fiom the water and closely 


vation was courliited avihy Stevens foaritite of 
Vechnology. Hoboken. N. J. under the supervision ef Spark 
man & Stephens, fac, New York. N.S). wider OSKD contact 
OF My-154. 

© Supplicd by the Food Machinery Cotpotaien, Calil 


Sore Soon view of PVE showing “cantiolied flaw” 
track design. 


duplicates the standard LVI (2) cargo cartier in pro- 
tection for the Navy, and LVI Model N-4 (Figure 
3), which operates with the retarn tracks sabinerged. 
‘Phe two models have essentially the same bulls, with 
the same dimensions, tracks, suspension components, 
and drive: Madel N-1 is cquipped with track sliroud- 
ing vonsisting of stern block, bowblock, and ack 
skit. 

Several self-propelled speed runs corresponding to 
the available range of track speeds were made with 
cack model, which was guided ow a straight course 
hy means of dhe lowing tank carriage, a guide chan- 
wel. and accelerator posts (Figures # and 5). Data for 
detennining propulsive efficiency for cach type of 
track were recorded. Stationary Lests were run ov both 
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SUBMERGED TRACK PROPULSIUN 


Fear 4. N.S scale mated of LV showing upper qack 


bicurey 8. N-4 scale nadel of 1 VP showing completely 


lo i emerged and distinetive wave pattern, submerged track. 
th 
sc models and the drawbar pull vas measured at various 12 SUBMERGED TRACK PROPULSION 
He points in the available track speed range. : 
4 : F Summary 
or Each model was towed at speeds ranging from 2.5 
of to 5 feet per second (equivalent to 4 to 8 mph in From a laboratory study of models anct [rom field 
th fullsice prototype) with track and drise stations tests of various tacklaying amphibians, itis: ap- 


and records were made of resistance. 


Jes Results 


These tests showed that the resistanec of the N-l 
is about 5.5 per cent higher, and the self-propelled 
speed at any comparable horsepower and the draw- 
bar pullare bath less. 

A compurison of the self-propelled speed of cach 
mode} showed the N-3 gives a higher speed for the 
same net track horsepower, or requires lower horse 
pewer lor the same speed. This diflercuce is appreci- 
able, ata speed of AT tect per sceand it amounts to 
0.27 horsepower, or ahout £5 por cont less than the 
horsepower requiicd by uhe Nef to give che same 
speed, Correcting for difference in the resistance of 
the two mudels, however. indicates that about the 
same track speed is requised to give the same Chnrcst 
in cach case. 

Atthe time of these tests, the mack design as showa 


parent that in no case docs the efficiency of rack 
propubion approach Une which can be expected 
from screw propellers. 

For optimum: perlonmance, if both the top and 
bottom tracks of the amphibian must be submerged 
during operations in water, the track should) be 
shrouded with a full baw scoop, a medium skit 
and a stern scoop. The tack should have grousers 
formed for eflective movement of the water in the 
ae 
Upper 


naliest 


dirediion of wack motion. The 


practicable should be provided between the 
ups of the return wack and the underside of the 
sponson. Dimensions, suspension, tack, pewer (in, 
and all items except hull and weight disaibution 
should be determined on the basis of land perform 
ane requir nits. 

Phe upper track should never operate at a distauce 
jess than TP foot above or below the water sim face. 

Tn analysing submerged uack propulsion, it should 
be noted that the action is not basically compzi able 


| in Figi ce Po was foundite be the most clhcent of all te paddle wheel propulsion, 
tested under the auspices of the National Defense Re- 
search Connnittee [NDRC], i 
| tga The Problem 
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Under the conditions of these testy iad for dhe par 
ticular track desipn used, the curtped tack ti Model 
N-3 is superion to the campleich sabmerged tack in 
Model Nob far prapulsier in wate. Eiese conel 
sions apply only to the Gack design tested, and the 


results de not necessarily apphy to tacks uiat differ 


ppc ia 


Because of military requirements. many track Fax 
ing vehides hase been converted by one means or 


another into amphibians. I any cases, this cone 


version has resulted in totally submerging the tacks, 
which waust be used for propulsion in ware. In order 


prove the perfor Co OL OMIT 
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vwhicles of this type, an investigation was requested 
in the summer of 1943 by the Development Branch of 
the Office of Chict of Ordnance, Detoit, on amphil- 
jous catgo Carriers, gun carriages, tank conversion 
equipment, and self propelled wack-laying modeis.t 


a2. Procedure 


Fallecale propulsion tosis were conducted on the 
Weasel M-29C amphibious light: cargo carrict © the 
standard ‘I-70 gan motor carriage equipped with 
simple track shrouding (Figure 6), the PG cenversion 
equipment fer the M-f medium tank! and the 1-7 F 
conversion equipment for the M-18 gun motor car- Fiuvar 7, “Model 500.” self-propelted mode! used in wut. 
riage® Drawbar and specd tosis were conducted on ariel nase maples, sti and shawn equipped 
these units as modified with diferent types of tracks, Sih Bete fea sie mexticimy es 
grousers, and shrouding. 

For the self-propeticd model studies, extended 
atudies were conducted on a unit as shown in Figure 
7, with an over-all length of 45% inches, a width af 
1 inches. a weight of 104 pounds, suspension simi- 
lar to that on the 1-70, and a track driven by an 
electrig motor mounted inside the bull." 

Measurements were made of the resistance of the 
model first with the tracks stationary and then with 
the tracks moving, of the speed of the model at differ- 19.2.8 Results 
cul track speeds, and of the friction of the test seaup. 
Phese were compared with drawbar pull tests made 
with the model stationary and commected wa dy- 


namometer, To permit an evaluation of the actors 
underlying the results, these measurements were made 
with various modifications of (1) clearance between 
the underside of the sponson and the tap of the re- 
turp track, (2) bowblocks, (3) skitts and skirt holes, 
(4) stern arrangements, (4) operating water line, and 
(6) racks (sce Figure 8). : 


From the detailed data.’ itis possible to summarize 
the hudings on both full-saale and savall-scale models 


as follows: 


ion was conducted by Sparkman & Stephens, 
winder OSRD conti act OFMsr- 
eee Chaptes 4 in this value 

7 nil satu 


(CLEARANCE 


ae. 
Proper clearance between the top of the track and 


| 
1 Gin this vol - . . 
¢ rewere conducted at the Webb Insite of Ue underside of the sponsen Gi materially improve 
‘ Naval Atehitectare, New York, NY. andl the Stevens Raper speed. With more eficient grousertype tracks, mini 
menial Lowing Dank, Hoboken, N. j. * : 
mun possible clearance may be most readily achieved. | 


With less efhiciewt rracks of the steel or rubbor bieck 
type. increased Weanince ap to about 6 inches (he 
highest cyvisalent clearaiec tested) results ia ine 
teased speed, 


Bowsnocks 


‘The bowblock is the inmost Bnportant single Hem 
of shrouding, and should be provided in every case 
in as Complete a form ay pawihle. Wher possible, a 
howblock desig with full scoep should be used, and 
all efforts made to dix tnage dhe wata from the re 


installation of simple Qack pe , 
ach propulsion wads on E76 tun tack tanned though the Lirgest angle dewn 


Fiver G. Fxperim 
she 
SH Wetel cartiage. 


and bak inte the tack. Discharge down and back is 
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desitable ever af the sacrifice of angte of turning. up 
to at least OU degrees in some casts, In any gives bow: 
block, the efhciency is increased by int reasing Une 
angle of pars fromm ak dro TPO degre 

fo all bowblock design, caphisis must be placed 
on providing tree, unrestricted lew at water in aid 
out at all dimes, Restricuians and conflicting flow 
pattoras are definitety harotal, 

Vulnerability and other considerations tur fand 
performance may occasionally Ginit the completeness 
of the bowblock to the extatt (hat a removable or 
sliding block may be necessary for optimton amphibi- 
ous operations. In cases where this is vot practicable, 
the use of w stern witig as au altoniue is suggested, 


“TRAGK SKIRIS 


Bratt teats on bath anal: and fall sale models, it 
was found that track skirts extonding to the hid bot 
tom rust be used fe intercase Uirust and reduce tesiat- 
ance. “To permit track servicing and track clearing 
in wud, they should be binged at the sponsor line. 
Since the skirts are exposed and sisbject to damage, 
speciad care should oe given to support them at both 
top and bottoms, and to permit quick removal, 

Shaping the skive to contac mere closely to sus. 
pension oudline is wot expected jo vick} any marked 
improvement. 


“Vwack Seu Hares 


The tests show dhat these holes help sdightly with 
block tracks and hinder with grouser-type tacky. 
Experimentation with watch shirt holes may there: 
fore prove frudtful where dhe track has rehativels 
sisal grouser wsea and finite clearance. In this 
cose. holes in the alter end ot the skie¢ and above the 
coauy thaick are those niost dikety to improve per 
Jortiance, bat the anticipated improvement is stight. 


STFRN ARRANLEMENDY 


Carcint design aust application of the sera swoop 
should yield marked improvement in water speed, 
For highest pred, the oap shorkd extend down to 
at leant che couter Line af the gear idler. 

Stripping at any point inthe wack waved path is 
harmful. 

The stertt wing should be considered only when a 
vubviimte for a bow scoop is uecewary. Far both 
fark and water aperation, the wing lias practical 
Hisadvantages which shold be daduader! in any con 


siderations for appliration, Caretis) investigation et 
clearsuce over the wack forward of she wing is ree- 
omaivodced lor iniproving tack periornaaiec. 


“PRACKS 

Jo gener. tack Resign mai be gaided by relauve 
importance of hard peronmance and waiey perfosm- 
ance and similar over-all considerations, 

Where pesermiance in water is paranioant, ihe 
best (rack is the dowble chenor rype, with tbe 
grousers about 3 inches high. “Vrack eficiency in 
creases with (rack and gsouser widih chroughoat che 
range tested, and accordingly the wack should be as 
wide as possible, 

Whore perlormitce on und and pertormance in 
water are about egnally important the standard 
rubber or steel block track with die steel or rubber 
chevron grouser and wing end connector Cxtensions 
are recommended, Uhese amt all grouscr tracks 
should be ran with the open end keading. 

Where fad performanve is the primary considera 
tion. the track selected for eptianion land peration 
will give reasonably satisfactory water performance 
if rhe recomsmendcd shrouding is used, 

‘The primary consideration in designing a track 
for water propuision is the direction of a bigh per. 


centage of the total water niaved by die wack in the. 


slicction of Wack motion. “Thos, yrousers or webs 
which have a minimus of etlge leakage have cor- 
respondiagly bach elfc ieucy. 

Ligtening or osd clearing Boles through dhe 
vack block should be used where these will improve 
pofarsiince other than water prapalsicn. 


Tack Derin 


Eihcient desigis should guarantee complet sib. 
met gense of se enti track uader all conditions of 
water aperation. The watcr fing should he well above 
ihe sponson fines and far flem the retarntvack levels, 
This is significant not only for amiphibisus with al 
tracks saneerged, bac alse far these with the reruns 
tricks citerged, and these sboufd five che return 
tik ne tess chat DT foot above the water lire, 

The submerged retains track designs is generally 
fasiacd by considerations of tand periormaner. Tt 
Taakes posible sharter chs, better suspensiaty sys. 
fens, and greater stability on land and in water ax 
a iesult of better weight diva tuition. Experience 
has shown that, br the cave of sombar amphibian, 
Ube sebruerged rerun tiack design niinimiuces hitaces 


CONFIDENTIAL 


at 


wth lal - Se eS 
pa ination 


_ 


te ahidandilh eatattenahnadhdlletaanmnaman tee matin torent bdamieedtieeerie 


ion of 
is ree- 


dlative 
rform- 


MU, rhe 
th the 
wy in 
wit the 
The as 


nec in 
indard 
cubber 
nsions 
tracks 


sidera- 
ration 
mance 


track 
hy per. 
in the 
~ webs 
“© COP 


dhe thie 
iprave 


e sub- 
ons of 
above 
levels, 
ith all 
ret 


rerally 
we. Tt 
ME SSS. 
Mer as 
rience 
bians, 
Priitaaal 


_, 


NOPE Nae ener Neem ean eee EE EN EES wh mee i 


eed 


STANDARD SHROUDING 
STANDARD TRACK 
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MP REQUIRED PER POUND DAAWBAR Puli 


0.02 
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Fievae 9. Effect of shiouding and turk design on track 
propulsion. Standard is mean skirt, standard bow block, 
block Gack. Tmpreved is arcan skint, fall bow scoop. best 
stern scoop, Y-inch double chesron greuser, 2 inch pitch 
an block Gack. 


af enemy detection by means of phosphorescent track 
spray. 


10.2.4 Conclusions 


In general it was found that in no case docs cfh- 
dency of track propulsion approach that which can 
be expecied from screw propellers. 

Diawbar pull is a good criterion of relative pro- 
pulsive cflicieney. 

The extent of improved performance due to better 
shrouding is independent of that due to tack design, 
and the two may be combined tagether lor maximum 
improvement (Figure 4). 

Recommended design features include a come 
pletely submerged track with a full bow scoop, a 
mediuns skit, and a stern scoop, and a track with 


giousens formed for cficien? destion of the water in 
the direction of vack motion. Mininuin practicable 
dearance should be provided: between the upper 
fipsat the return tack apd the underside of the 
spotson. Phe dimensions. suspension, task, powr 
tain, and all items except boll and weight distribu. 


dion should follow requircmer.ts for and pet for 


anec, 
Reyaidless of wheter che vel idle is desigaed with 
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emerged or suboerged return track tr any condidon 
of trim or loading, this track should never nperate at 
less than | foot from the water surlace. 

Al gack-laying amphibians should be equipped 
with the best practicable shiouding, regardless of the 
means of propulsion used, to reduce resistance and 
provide normal or emergency water operation, 

In analysing submerged track propulsion it should 
be noted that the action is nat basically comparable 
to paddle wheel propulsion, and that more power is 
dissipated at turns in the track than in the straight 
portions. 


10.3 ASSAULT ACROSS MUD 
Ato the aequest. of the Amphibious Section, 
COMINCH, means were studied for assaulting 


across mud. Rocket-propelled landing craft were pro- 
posed, and rough performance estimates made incon: 
junction with Divisions & and 8.4 

The tactical assumption was made that a nonstop 
shiv-to-shore passage across all types of mud provided 
the most powerful assault dociine. To mect these 
requirements, it is essential to keep unit ground pres- 
sure low (for seft mud), and to provide high thrust 
(for dry and sandy mad). 

Tewas found that although rocket propulsios afters 
distinct possibilities for an assaule across mud, the 
range would be extremely limited by the basie in- 
efficiency of rocket propulsion at the relatively low 
speeds involved. ‘The problem of obtaining camtinu- 
aus propulsion by successive discharge of rockets was 
nor studicd in detail, but does not appear to olter a 
simple solution. 

Figine 10 shows the relationship between tinie and 
distance, the Tader expressed. as the ratio between 
the distance travelled and the square aoot of the 
length of the vehicle. Each earse represemts a dif- 
ferent satay of J, which equals the ratio af jet reac 
tion to displacement. Figine 1] shows the relationship 
between tine and speed. the hatter expressed: as the 
ato between the velocity andl the square root of the 


length of the vehiche* 

Designs were prepared to meet the requirements by 
mountiyg jet unity on a \ bottom hull (Figure 12) 
and an inverted Vebotront hull (Figure 19). The 
were notitdopted, preference beng shawn for 
anan prepelled scow towing @ Weasel anos cit safe 
ud. Hie troops te bansicr to the Weasel ii the mud 
Ire 


desi 


reclis, hoot inclined. 


eEEAL 


UK AMPHIBIOUS STUDIES 
k re 
~ 
a ~ 
Fs . 
7 ” 
x 


° 1 2 3 4 5 s ? ’ s ” 
TIME ~ SECONDS 


econ time anil speal ol travel 
K Galeover mud. 


cha Fiaert O11. Relationshay 


Fiver io Rela 
hy rocket propelled Lind: 


eHed by rocker propelled landing att 


1. lengthiad vehicle. 


Jo ittie of jet ces ti 
1 Jength of schicle. 


to dixpkacement, 


vol jetieactan to displace 


QUTBCARD PROFILE 


ROCKET-TYPE JET ENGINE 
(mot TO $C41.E)~ -. 7 


H 
| oEcK 1088 | 
ee wii = dernox wie 
| CHINE 
PROFILE AT Ana 


et Vo boven per propedtedl ascent Landing boat, 


CONFIDEN TUN 


a 
~ 
. 


[ee 


FUNDAMENTALS OF DESIGN 179 
ROCKET-TYPE JET ENGINE ———-~. ae 
(NOT TO SCALE) ae 
nl 


a 7 


tea 
- 40-6" OA 


INNER CHINE 
QUTER CHINE 


OUTBOARO PROFILE 


a 


So ene 


OUTER GHINE 1 


- ~ -QUTER CHINE 


INNER CHINE 


PROFILE aT A-A 


ber 1S 


$04 FUNDAMENTALS OF AMPHIBIOUS 
VEHICLE DESIGN 
Summary 


Asuivey of the development of amphibians makes 
possible an cvaluation of the iekiise mein of 
ground-up designs and conversion designs, and a con 
sideration of the fundamental principles invelved. 


1e4.t Introduction 


With the completion of amphibious design studios 
under the ditectian af Division 12 of NDRO. a si 
ves of the -igniticane problernps involwed Ives indi 
suhich mis 


Gucd various principles aud procede 


be osclat in future investipations.! 


Tnvented Vo bettom, jet y 


selled asecult Liading boat. 


In this report. seme of the conclustons are derived 
fiom experimental and ficld data, Others aye opin 
ions bascd on picliminary observations or consid: 


tons! 


Ist Design Procedures 


The development of all amphibious vehicles can 
be livided roughls into twa broad categories-- 
ground up designs and converstan designs, 


GROUND PP DESIONS 


Designing fem the ground ap. whidhsiclds a com 
pletely new vehicle. is thie method followed ahuost 


VPow supporting ca ad other inforne. tion. see the bibbheg 
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eed 


Wie: Fe 


Yiotwe EE faggot 2926 amphibias mig Foud Model f 


PED eat it phen dive te iar wheels antl winoe- 
whte paddle wheels lor water qropuisia, Water spect 
abet Fay 


exchisisely before GEE aad ased by samme designers 
alter that date, ECollers complete freedom to the de- 
signa, peemining die use cf aew or standard com- 
ponots ia any prapartion ob any anaugement, 

Pypict ef the wheeled vebictes designed in tis 
manner are Ge fatowing: 

ft. Phe 1926 fgger aaphibiane using Ford Model 
VY componeniy, with chain drise co the rear wheels 
w Lremosable paddle wheels tor water propatsion 
(Viggaus 14), 

2. fhe (92x faggo Honukai using Ford Model 4 
rhuspascuh. with heie propellers mountetabase the 
rear avte, atic ar ence side nf the dif catial (Pigtie 
Th) 

DOA Geom wheeled amphibiors scout ca den- 
eparrated jt 1937 (inte 16). 

BA Gentian scot oteaptured ta France dn 9b 
which Bay a niechamicgd power tube off from the 


Yorks Re. Gorman onphibions whreted scont ra deat 
cute ted ity 1997 


Fietnk 2. Jagger 1984 “Honukai” using Ford Modet \ 
components with swin prapellces norte above iat 
alec one on each side af differentia. Water speed alisint 
S mph. Springing of tear anic was unnated aber cosy 
trials. 


vebicle engine and a retractable ott board drive with 
a singe «rew propeller off the stes 8 (Figure 17). 

5. “Dhe-bef, -ton Aquachectah brat demonstrated 
in May 39 fC and improved in 1912 (Figare 18). 

6. ‘The British 8% Stem Lervapin Mark 1 and 
Mark 2 amphibious catge carries powered by two 
Ford V8 engines ad designed @ he manufactured 
quickly even thought cculain disadvantages, including 


Among the track-laving amphibians designed in 
this wav are the Roehling Afligaton, Jater nrocitied 
and used by the U.S. Arne (Figure 19), a experi: 
wental amphibious tight Gark equipped wiih a screw 
propeller and deaonstrated by the Japanese in 1938 
(Figute 20). anct a fapanese oeat screw propebed 


Fra 17. Ceraten amphibious wheeled scout ont, page 
Hhed at Rranse in TBH, propelicd ba renatahle eu 
bond dsite. Marine power prositend fy aseetouricst 
pew ashe ot Comms schacte engine, 
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Figure 18, 1942 mode? of 


Amphibian Gar Car 


light tank, captured in 1024, designed for intermit- 
tent amphibious operation with bow and stern pon- 
tons which are closely integrated awith Vie main hull 
but which can be readily jettisoned for land opera- 
tion (Figure 21). The outstanding developmicut in 
this class is the LVI [Landing Vehicle, “fiacked}, 
which was extensively uscd in various forms by the 
Armed Forces of the United States and Great Britain 
(Figure 22). 

Despite the uwefulness of ground-up designing. 
expericnce has shown that this method has ins in- 
herent disads antages, notably the sevious mechanical 
and production problems which alinost invaiiably 
arise during the developinent of any completely new 
chassis, The development of sttisfactory land per- 
formance becomes au unasoidabis long progiuin. 
Kasic design changes often are found to be neees: 


Prec 200 Ryperinentifl sew propeied aanphibious 
Tight tank clemonstaate! by Japanese about Joao 
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Fear 19. Early model of “Alligsion” tack propelled 
aaphibian representing “Krounsd Bp” design by John A 


sary only after extended field tials and actual com- 
dat operation. 

‘The ground-up mciied is recommended if funds, 
development facilities, and especily time aie all 
abundantly available. Many of these factors iy lint 
ited. ay in tine of war, Garclul evaluation of the over- 
all program iy essential. 


ConvirstION DESIGNS 


tn contrast to the gronud up method is the con 
version design, which converts a suindard land ve 
hicle or its chassis into an amphibious vehicle a pro- 


ceding which, toa very kage extent. was originated 


by Division $2 of NOKG and its contractors, Here 


the designer has the advantages as wells che Limitit 
Uions—of starting with a basic structure selected fay 
its Fand pevlormance, its known teliabilits, aud its 
availability for production. 


Tn a dew istauces. the consersion may he lor only 


Eo Japanese “growid up tight tank dose for 


inte col asaphibious Opa tauon Huy aad ters por 
fons 4 losets atewatedd within badt bata ately ty 
Ietosened for Kind operation. Pvan sen prope lbod 


Mone shen ne cape cd aenainer POT 
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Fiovar 22. Cnasmoted 1.V 9 (2) back propelled care 
amphibian. 


temporary nphibigus operation, and the bund ve- 
hide iy equipped with deutclable Hoats or pontons 
which provide the necessary added buoyancy, reduce 
water resistances, and sometinies act as slivouding to 
improve propulsion by wacks. “Vbis method iy tints 
trated by an carly use of side pontons on che dxf, 
Y-tow ruck (Figure 23), and by the Ritchie T-6 
device, which consists of metal portons attached to 
the Meal micdium tank to give satislactory speed aid 
general performance in water (Figure 24). Phe pon- 
tons nay be readily jettisoned tor dand operation of 
the tank. 

For peumancot amphibious operation, a water- 
tight hall is feed around a standard lund vehicle 
chassis so tha: iowill pettorm: satisfactorily boos on 
fund and in water. 

Pomanent amphibious wheeled vehicles ineide 
the DURW 6x6, 2)4-totcage conic: (Figure 25) and 
the GPA isd, ton dango carrier (Figure 26). Here 
the land bady as replaced with a new amphibians 
hall. ‘Phe wheels, suspension, drive shalts, differen. 
tial and por tient supports, all taken fous the stand- 
ard chases, become wer appendages housed to 


Pievas. 23. karly “hemporany comvension” of 4-tany txt 
uiteck demunsiaircd in Ot. 


varying degrees in tainels (Figure 27), while the 
frame, cngine, power train controls, and ausiliary 
equipment are housed within the watertight hall. 
Provisions are also made for sealing against water 
envance, providing engine-cooliug, ait through pro- 
tected inlets wd ondlets, screw propeller drive for 
water operation, ruddet steering, and numerous ace 
cessories and refinements for both land and water 
operation. Safety devices, including folding surf 
plates, powerdriven bilge pumps, and coamings 
aust likewise be included. 

Oue (ype of poumanent conversion lor dack-laying 
vehicles is shown by the conversion of the M.29 
Weasel light cargo carrier to the M-29CG Weasel aim 
phibious Light cargo carrier (Figure 28), “Phis was 
accomplished hy che addition of watertight bow and 
stern cells, wack shroading, rudder stcering equip. 
ment, and such auxitiaries asa surf plate and « 
power-driven capstan, Water propulsion is obtained 
from the standard M-29 land wrack with shrouding 


Pieter 28M PAD medio tank equipped with Ruthie |G Motation device. 
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madel of 2y2 ton, G6 


developed to increase the effective thrust of tie mos: 
ing track, 

Another type is illustrated by the conv 
M-18 76-20 gua motor carriage to the T-R6 wimphibi- 
OUs gun motor carriage (Figure 29), In this citse the 
standard hull from the sponsan up was removed and 
repkiced with a new, larger, watertight hull with a 
raised varret and cuds designed for increased buoy- 
ancy and decreased resistance. 

In general. this method of design was adopted in 
1941 in order (1 expedite the development and pro- 

- duction of urge. ly needed vehicles. It provided the 
designers with engineer ing aud field experience based 
on standard, proved chassis, entbling them to desate 
most ot thei Harts to marine performance and re- 
guiring only cohnements of kind performance. Exist- 
ing production equipment and assembly methods 
could be adopted, offen without change, and main- 
lendnce fn war theaters could be based on availabte 
methods and spare pat (supplies sct up far the parent 
velricles. 

Inevitable disadvantages were inherent inthis 
method, since the parent vehicles had been designed 
with little or no thought given to operation in water. 
Only rarely did the original weight, arrangement, 
and materials meet amphibious requiremerds. On 
the ather hand, these disadvantages were offset to 
some degice by the lange number and variety of land 
vehides available tor selection as the parent vehicle. 
the COMTI OLL Y development eb unproved cou 
ponents, and the ability to incorporate inte: produc 
Hono mcsciels certain modifications found desirable or 
necessary lor mavhibions operation. 

Because tine was so Huportant, ais beliewed that 
the conversion design method has amply justified 
its use. [ts inueducion and adoption in 194] asa 
major design procedure resulted in developing sind 
delivering uscful vehicles to the Armed Foices nore 
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Finer 26. Production model af Amphibious jecp. 


quickly than would have been possible by any other 
micans. 


10.4.3 Basic Specifications 


In outlining principles and correlating informa: 
tion, the bulk of the material presented: bere repre: 
sents date obtained from amphibians which are 
permanent: conversions of standard land vehicles 
or their chassis, While this tpplics in particular ta 
conversion dezigns, the principles apply generally to 
all amphibians, with only slight escrvations in some 
cases, Vehicles for only mili 
here. 

In the design of a new amphibious vehide, certain 
basic limitations we invelyed. Some of these are defi 


Youse are considered 


Fra 27. R 
[eepe bepatseaatsty 


Vaew afc 


hy pilot model of amphibious 
‘consersion” design 
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aite, while others require a contpromi based on the 
judgment of the desigaer. Overall width and weight, 
for example, are defuite specibeations, with widdt 
usually limited by considerations of rail transport or 
the width of military reads and bridges; gross and 
light weight may be rigidly determined by the pro- 
posed use of the vehicle and by the sige of the avail- 
able engine in combination with the size of the hull. 

Less definite but none icles limiting specifications 
include over-ay. height. which muse be a minima 
for land uperation ta reduce exposure to eneny fire 
and a maxianim to provide adequate freeboard in 
water and wdequate driver vision on fand, Overall 
length must be determined by such factors as ma- 
peuserability on Jand, suitable angles of approach 
and departure, driver vision, and adequate protec: 
cian of cab and openings trom surf ond rough water. 

Because int mtany cases the final design details rep- 
resent a compromise between the vontticting require: 
‘ments for land operation and water operation, in 
most respects the amphibian becomes inferior iu 
water performance (oa comparabte boat and inferior 
in Jand performance to a vehicle designed solely for 
Jand wansport, It is inevior to @ boar iy having high 
resivtance, due largely 10 muwesous appendages and 
to greater weight for (te same job. Ue és inferior to a 
fand vehicle in having greater bulk. becsuse of the 
necessity for providing buoyancy, and an excess of 
mechanical parts, essential for propulsion in the 


water, 
On the ather band, the amphibian possesses certain 
marine advantages over ifs boas cousiterpart, as well 


Fitint. 28. Sitke Sey Of Cait} 
Weasel represen ung “a: 
cquyersion of nonamphibians AL-29 Weasel by audition 
ol bow and stern eels, tack Snoudiog. amd rodder 
Slevring. 


noded of 81-2907 sph ibions 
" . 


a ot 


as land performance advantages over its parvat land 
sehicle. 

Figure 36 and ‘Cable 1 together serve ta compare 
a typical amphibian, the DUKW, with its parent 
trark and with two corresponding boars. ‘The char- 
acteristics they evaluate are vue to different extents 
for all amphibians, Future development should aim 
at reducing these differences, 


Huu Type 


Me will be shown later that dhe length, width, 
height, angics of appradct sud departure, aud ground 
clearance define the block or envelope within which 
the amphibious hull must fall. “Phe designer atay 
exceed these limitations onty when this is warranted 
hy an inescapable compromise: otherwise, the fimit- 
ing Cinensions can be outlined immediatly for the 


fitar £6. Side view Of pilot wodeh EMG ampphitucus gum mete: canisge. 
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BOAT WITH COMPANABLE HULL DIMENSIONS 
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ea 


amphibian, 

Phe best of all hall types tested for the DUKRW is 
aocow type with fall ends and with weet appendages 
housed in tunnels (Figure 31). bhiy design provides 
for maxima buovanes with limited overall diner 


water over a steep bank, and thei buowanes helps ta 
prevent swamping. Tests proved conchiyiseh thi, 
for appondi 


ssuichiaa wheel and diflcicntial casings, 
the greater the how ing fa laud, che bow the ve 
sistance ii thie water, Dunnch, iioicover, plotect ap 
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Pane). Comparisons of a Surtoutal Amphibian (UK W) with Two Corresponding Boats 


Reus 


Genel dewiption 


Hatt ype 


Longil over-all (inctesy 
Re 


Height aver all 
fs water (frome WL) (inches) 


Wh aves -alt (inches) 


con Laud (ater cab} (inches) 
Lenget load water line (UWI) Gitecties) 
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DURW 214 1.~Gx6 wheeled am- 
phibious cargo carrier with wincte 
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Peack 
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wheelbase with 
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‘Pama 1. (Continued) 


Hems 


Miles per gallon gasoline over opening 
speed vange in water 


pendages from damage in shallow water and on land. 
hupoce aud concentrated loads resuliing from cross 
comntry eperatian require that the hull be strength. 
ened well beyond marine requirements and demand 
that metal be used for the hull shell. 

Tn comparison, for Boats A and B (Figure 30 and 
Table 1). greater latitude of hull form is permissible 
because no land performance is iavelved, and the 
hulls can be designed simply for space, speed, or con- 
siderations of cost. A round bottom iy selected as 
being typical for comparable speed ranges, ‘Vhe ma- 
teri, used in construction need not be meial, and 
protection from local impor is not as vital as in the 
case of the antphibian, 

Similarly, greater leeway is permissible in the de- 
sign of the Jand truck body, and the consnuction may 
sary according to the purpose of the vehicle, the gen- 
elial ty pe of its argo, and the methods to be employed 
in loading and unloading it. 


O8@ Fmph LIE 42 inph 


Truck Boat & 
Range of operating speed-lengih ratio 
wage Speed knots 
WINE Gi Vie 07-10 ood 5-18 

Speed at 1, VE =: 1.0. mph 6.16 6.16 7.09 
Fotat resistance in pounds per long. ton 

displacement aul /VE = 10 I24 21 24 
Jotal resistance (fully loaded) at 

V/VE = 10D 1.100 16 215 
Weued surface (square feet) 710 alo 370 
of reakdoal resistamve of total icsist.nce a5 se QR 
‘Transverse actacentiic height (GMq) 

(inches) . 25 - 47 a2 
Longitudinal metacentiic height (GAf,) 

dfeet) 48 a So 15 
Moment to vit 1” on toad WL 

(foot-pounds) 2.790 1,370 3290 
Poids per inch immersion jaad WI. 1,190 870 1532 
‘Typical propellers 1-3 blade -25” diam. x 1" pitch oe 1-3 blade~ 1 Shlae - 

at 1,100.pm 187 diam. « 16" 20" diam. « 16” 
pid ae5001pm pitch ar625 rpm 
Wa: 4) iad GLOE 
» Thrust deduction 0.30 0.10 0.40 

a - ie tow rope hp (per tent) 
Propulsive coef, = engine brake lip wo 55 55 
Apparent propeller slip (per cent) 54 15 ba 


13.0@ GS iuph 74 74 mph 


LaNGIH 

The DUKW is substantially shottcr than a com- 
parable beat with the same displaceavest. ‘This is 
Necessary to maintain scisfactory mancuverability 
on Tand, but unfortunately it increases resistance in 
the water and adds to the draft or the bean (up to 
the over-all width limitation) or both. 

In the same way, the length of a full tack-laying 
amphibian is still further limited for satistactory 
Jand) mancuverability, particularly for adequate 
aagles of approach aud depatune. For au allowable 
conteroltrack to conterofuatk divaension, che 
length of track on the grotud is cleariy limuted ta 
the degree of maneus crability desired. 

\ halftrsck or Yonack vehicle sach as che pra 
posed model shown in Figure $2 offess the nose satis 
factory method of increasing the over-all: length, 
while a tractor-tailer such as the propised wait 
shown in Figure $3 offers potentially greater length 
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Sie View 


BOTTOM VIEW 


| FRONT ViEW SECTION AAA 


SECTION A-B 
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OF PROPELLER 


Rtaveg SL. Met! of ved ton, bx DURW amphibian showing impels and cutouts 


with satisfactury maneuverability on Jand, For an 
phibians of high gross weight. $6,0) pounds ov 
more—cither of these types is recommended int place 
of the fulltrack or wheeled amphibian, and would 
otter better arrangement, greater earge space, and 
better water porfornanec. 

Lenguh phurctore, isdetermined essentially by land 
requirements, Phe ieugih af an amphibian can be 
that ef a comparable land vehicle plus end cxcett- 
sions, with couridcration for suistactare angles al 
appraact aud departure. 


Worn 


The wate of tie BURW is alsa Hitited by land 
spraifcations. Ruit Gansport Hntits auch a vebicle 
ta TE inches, while militery bridges and reads may 
datuce the maxiyuin width w 96 incoes. Tha attra, 
asimilay boat say hase a hesur fur ses passing auch 
limits. 


Hrtonr 

The over-all height of an wmophibian must be de- 
ternined by an arbitrary decision based on judgment 
and experience, and on such factors as inaiicaining 
4 low profile to reduce exposure ta enemy artillery 
fixe, keeping the deck height dowr. in vrder tu bacili- 
tate Joading and unloading. maintaining sufheiont 
freeboard and reserve huvyancy for tough water np 
eration, and providing a satisfactory vantage point 
dor driver © ins laud operation. 

Vheve liatations de not affect suck water craft ax 
Bauts A and B, or are not critical. 


Loanrt Fry tsoasp 

“Phe DUKW Erceboard of 23 in hes to the deck at 
she bow and 15 inches at the stern is apparently just 
enough for ai-around seaway and surl operation, 
provided that all couting.air itdlets and ouders, cargo 
spares, autt other laree openings are protected or 
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Ficus $f, Climbing steep sher bank, tear deck of am- 
phihious feep is partly subaierged, Most entries dawn 
such baths similarly immerse foredeck, 


parable boats, and consequently gives lower trans- 
verse forny stability. Compensation is provided in 
pact by increased displacement of the amphibians 
a lower center of gravity, and an appendage effect. 


DisrLacement-LENGTH RATIO 

This catio is inevizbty hiyh an aniphibions vehi- 
cles because of unaveidably high weight and limited 
over] length, and indicates a relatively high hull 
forma wave-muking resistance. This ratio is about 
1,300 in the LVI), and about 569 in the DURW. 
The possibility of substantially reducing is ratio 
is provided by the Jarger $4-track or tractor-trailer 
unit amphibians, 


Breck AND Loweticuivar Prisaric Corse CIENTS 

These values. criteria of residual hull-foint resist- 
ance, are high iy amphibians because of the dimen: 
sional limitations involved. 


Faovax $5. Scale model of 15-107, }4-track araphibisn be- 
ing tested in towing tank. Wave pattern fe typical fer 
wmphiblans opeaiing ar a qeed equivalent to a sper). 
Tengen ratio of 1.0. 


SrerpLenctit Ratio 


In military operations, che use of jow-displacement 
oats may be predetermined by their practical operat- 
ing speeds. Since tess additional power is needed, they 
can be sore easily designed for higher speeds than 
can comparable amphibians. 

In the case ef the DUKW, the operating specd- 
length ratio is relatively Jow, but ac che sacrifice of 


POLNOS YOTAL RESISTANCE PER LONG TOM OF OrsPLAcEMENT ¥/g 


V (KNOTS) 
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Provan 36. Relavive water posite ct tctens uapheb- 
iats and ty pital boat. 1) Amphibian 1. xb on 6 tou, x6 
Brockway, with boat hull, avtet. whesls ete, as uchoussl 
appendages. Overall length 42 feet GO inches, grose weight 
40,000 pounds: (2) Amphibian based on o-ter1, O46 Brock: 
way with DUKW type hull, axtes, wheels, ce housed in 
tummels. Oser-all length 41 feet 0 inche: 5 ves weight 
49.009 pounds; (3) M-Z9C amplubiaus Weel Over-all 
lengih 34 feet 35 inches, gross weight 6,000 pounds; (4) 
Syq-don, 6x6 DUKES. Overt lenaeh 84 feet @ inches. 
grees weight 20,000 pounds; (5) 15-ton, y; track amphib- 
ious cargo carrier. Qver all length €1 feet 6 inches, gross 
weight 70.000 pousils; 16) 14-1201. 44 amphibious jeey. 
ther-all length {8 fee &)% inches. grees weight $400 
pounils; (2) LV 1 (2), Over-al! length 24 feer 3 inches, wroas 
weight $4,900 pounds: (4) 1-86 amphiligus gun motor 
fatriage, Overall fenygil 29 feer 3 iuicties, gross weight 
44.003 pounds: (9) Round-bevtew pleasure erviver (190 
aa amphibian}. Over all length $2 feet 7 inches, ysous 
weight $3.200 pounds Ail ieck-bving auphibians tested 
with techs stationary. 
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_ FUNDAMENTALS OF DESIG? Ia 


Fiecar 47, Scale model of amphibian based on Biochway 
Gon, G6 chasis, This design emphoaizer hull fusn, 
eliminates appendage tunel. Resistance is higher than 
ali other ty pea of hala tested, 


{uel consumption and cruising range this vehicle can 


give higher speeds adequate to fulfill its missions. 


Resistance 


Since it is determined largely bv land require- 
ments, the hull form of an amphibian gencrally has 
higher form resistance than does a comparable boat. 
Figure 35 shows the wave pattern typical for am- 
phibians eperating at a speed equivalent to a speed- 
length ratio of 1.0, Appendage resistance more than 
doubles hull resistance. 

The relative resistance of a number of wheeled. 
full-track, and $4-track amphibians and a round-bat- 
tam. nonamphibious pleasure cruiser is indicated by 
the curves in Figure 86. These show that while the 
resistance per ton varies over a wide range, the lower 
limits for amphibians are well above the upper limits 
for comparable boats, due to high basic hull-form re- 
sistance and to extremely high residual resistance 
caused by numerous appendages. 

The curves likewise show that the total resistance 
of a given amphibian does not vary with displace- 
ment in any approximate ratio. This is ue since 
practically all che aaaphibian’s appendages are im- 
mersed even when the vehicle is unloaded, and their 
resistance does net increase in proportion te an in- 
creuse in vehicle draft. Thus, the low values of re- 
sistance per ton of displacement for the LV, the 
Y-track, and the T-86 are due in Yarge measure to 
the higher displacement and lower appendage resist. 
ance af these vehicles. 

The amphibian madel baeed on the Brockway is 
pictured in Figare 37. With a design emphasising 
Hall for and climinatiogg tuanels for appendages. 
its resistance was fond ta be higher chao chat fer any 
other vebice model tested. Ee lepresants the etreane 
in high resistance for a vehicle designed to fit inside 
the dincnsional limits wt for optimum land perform. 
ance. Tt may be compared with the DUKW which. 


Frvar $8. Stern view of “1-46E) gun moter cartiage 
showing how housing propelier in tunnel limits diameter 
and produces high wake fraction and thrust deduction. 


while also remaining within the prescribed limits, 
has a vastly lower resistance because of tunnels and 
shrouding. 

The gap remaining between the DUKW and the 
boat, however, indicates that considerable improve- 
ment is still nceded in amphibious design. 

Asa consequence of their high resistance, amphib 
jans have low maximum: speeds and extremely high 
fuel consumption, and need relatively large engines. 
Aluhough an engine + 
ina military land vehicle can develop sufficient power 
for marine operation, in the latter it is often 1equired 
to perform over long periods at hul power. This in- 
cress wear, inakes cooling more critical, and re 
quires more cervicing. 


Provetsivy Coreeicient 


Although the highes total iesistance of an amphib 
ian calls for greater propeller power, the diameter of 
the propeller is usually limited by the necessity for 
protecting it in both shallow water znd land opera 
tion, and the propulsive cocticient of amphibians is 
consequently low, 

Since the hull form as determined by factors de- 
scribed above has an inherently high wake fraction 
and a high thrast deduction (Fi zur $8). a propeller 
in a practicable tunned cann full: attain the ad- 
sarutage of waks, and reduced pressures on the tunnel 
surfaces forward of the propeller cannot be com 
plete 
pulsive cocficient. 

Tt would be posible to incease this cocthcicnt ls 
using retractable propellers or bs developing ame 
thanicat anangement which world provide fora 
heite propeller tue design. Phe vetictable pe 


avoided. “Vhis, too. contiibutes to a low pre 
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192 AMPHIBIOUS 


Feu 39. Fine piter moxtel 214-lon, Bf KY on wo 
erate ware, 


peller, however, was exuded because of the added 
nd the use of a standard chassis 
ant improvement ip tunnel de- 


expostire to damage. 
inhibited any signifi 
sign, 


SYapiary 

Because of increased weight for the same water 
plane area, the DURW has lesser transverse and Jon: 
gitudinalmetacentiit heights. Since righting moment 
isa function of both displacement and metacentric 
height, this increasedl weight counterbaliances the 
reduced metacentric height, giving approximately 
the same static stabilivy. 


Frock 40. M290 auphbious Wessel negotiating som 
om take Michigan, 


‘The hull forus used it dhe canphihian has improved 
dynamic stability because of its mumerous tunnels 
and appendages. Vhose affect the ection of the ve- 
hicle in volling, pitching, and heaving in two differ. 
ent ways, First, by increasing the effective miss af the 
vehicle in motion (due to entrained water), rolling, 
pitching, and heaving are made more “easy” and mic 
tien due to impact is reduced in amplitude, Second, 
due to the high resistance of tunnel sides and edges 
and of the numerous appendages, especially the 
wheels, velocity of roll and acceleration due to impact 
are both decreased, and the “decrement of ove ifla- 
tion” or damping is increased, 

The combination of these factors with the higher 
initial maes aud the Tosser metacentric height in- 
creases the period of roll amd deercases its amplitude, 
resulting iy a substantial iniproy ement in scaworthi- 


Pinta $b DUAWS approaching Nonasids beachhead on D Das. fuse 6, Tb 
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FUNDAMENTALS OF DESIGN mt 


Fier $2. Milor anaddel a ton ANd samplibens peeps cn 
ye incdebrly 


ness, crew comfort, aad cage sated (see Figures 59, 
10, and 115. 
Sere A\HHITY 


The pellommance af the amphibians in suit lies 


prascd satistactors and consisteutls superior to cor 
parable boats (Figures 42, 18, ancl 14), «aad the iffy 
cultics have been alinost catirely limited: ta these 
tnvolved with scaling ov protection trom suet impact. 

Ability to operate insuitis improved by a nimber 
of factors whieh thas far cannot be objectively ay: 
sued. Phe reduced hecboad as the ends reduces the 
area ol possible sunt impact, amd as aiesu’ the op 
coming or Gailing sul irequently breaks on the ond 
decks, dissipating ib chergs without causing ces 
sive pitchiag, Che veduecd veserve buoyancy at bow 
aad stern also sates to Timi the ting monet 
of kage wives and therelore des magnitude of pitch 
ang. Pbe wheels or uitcks on an amphibicas aysise in 
stecring and sontodling the schicle when in coutact 
with botton, particulady duaing landing. and ander 
certain conditions make it possitle to baile up ainple 
momentum while 


Kindbarie fo cana the vehiels 
through the sunk Phe resiscarece of appendages te 


Jateral 


creat assisty in keeping ile vebicte in 
Plaper postion ta the sand. Pla amphibian buss chi 
inberout abla tecdepart Irom the sud quickty. 1 

ducing the powibites of lounderiny oF damage. 


PROreC CINE So \TaNG 


Phe vow ieeboard an alt amphibious velick sre 
quires special. 


anion to the pretce Bow al necessary 


apeniips. Ve die Saue dine. low peserve bues anes 
demands saoslactery seating of the immersed hall 
and waeliable bilge punypetg seston with celespuete 
capacity, 


Petar 1. PURWS of 


sel aban € tert hog 


olf bere Oud, ( abtfe 


In spite of temporary expedicnts adopied, experi: 
ence bas proved the nceessity: of waterproaling the 
chgine. contiel, and clectiical components, Fick bits 
for wate prooting. including scaling compounds, 


Water proofing spuass. bape. and special greases, lave 
been effective ouly for tempenns use and ouly at 
ties awe properly used. Pers cancat amphibians ve 
{Wire factorswaler proofed components, ine hading 
the tasuunnent panel. junction boxes. wiring. ani 
engine ignite, 

Sitec cXposipe to spray and water is incexcapable 
with) present: desigos. conosion tesistont materials 
must be specified wherever they are ueeded, Dith 
CUes experienced: with es poscd bitkes tudicate he 
desiabiliny of howscag brake divans and bands tavide 
the hull whorevcr possilite. 


ARMOR PROTO bn 


No adequtte ives Beve dts far beau tour fea 
providing combat wanphibras with satisbactany a 
nen plate protection. Phe added weit which would 
Heat tram paxlogd an add te pias weight hiss ant 


terials restuicteadl its uve. 
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14 AMPHIBIOUS STUDIES 


ifget Tenk - 
frou which 
STMR Shows to 
Left Was Developed 


Fray 15. Ztinch wie track, with pant Winch wile nasck and iepfaced t-incl wide Gack, Weigltis per hear 


foot of aff Thice ase apprestingtel’ the same, 


Some consideration has been given to providing 
local derachable armor provection to personel and 
vital parts of the vehicle. A possthle solntinn may bie 
in the use of detachable pontons which give addead 
Duoyancy anid whicb cats be ferisoncd when the se: 
hicks is landborne (Figuives Zt avd 24), bar iis stilt 
wort have all the disaddeantages of a senpritancny 
couvensios ans at excess bulk, 

Phe cventintl sahation scoms $0 fie in dhe use of ine 
proved materials which would peracia lower basic 
weights in themes Haida! postion of the vehicle and 
plovide pronto ballistic protection for the sanic 
weight in araror yrhic. 


aver Vin 


Natisiicters Vision der water comtiad ieaally pre 
sent he schions prablests in aniphibian desig. Phe 
drivers teering sion ont be day enough atc aut 
high cnongh alse ihe water hue te provide pres - 
tiot Team spray, safieient distance to the tow ta 
Sarilitale secving. and o sauttage posint te pie 2 
raige Of sivion which will be unaifeued by ssnall seas. 

fh contin, norerentis diffictslaes are invehed in 
providing vision saistactors for bend operadon. 
Prise: vision on caupshitdans is chai fat acetals 


inferior to Chat on siimilas land vehicles, largely as a 
result of the neressary heb end design and the requi- 
sity low prafity. In same cases, “vision bhocke” and. 
sision supotas as wed in the TR6 ssuplibious gen 
Maat Garage (see Chapter 6) dase proved asefad arr 
combat vehicles, 


Msrkint Sterna 


Maneuscrabilin is particuiaris iispattaiie Ra at 
phibious aperations, and a high dygce of couval is 
essential in esnies and exits from the water, Such 
operations, atid athe operations actasy comity. re: 
quibe thas sudders used for steering, meuast be protected 
Sep tomas or sealesignerd Maat they will swing clear if 
they strike jun obstacte. 

Marine vrsring squipmient, including contrat 
fram the hontt steer wheel quick-acting mecha 
nists, at inclined cudde: post, and an appropri ict 
treed design, was descloped satisfactorily in he 
URW anphihious program. 


D.assmise Axe USNCO WNG 


Phe hull depth required for amphibians and the 
if udts in seating submerged lures covers have 
fogthor interfard wih quick foading and untaad- 
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Ficonr, 46, Artists conmeption of some proposed uses of DUKW: (1) ponton bridge, (2) vehicle Ceiry. (3) tank wet 
ferry, (SA) tank dry ferty, (1) Sight freight cavri¢r, (4) heavy freight cartier. and (6) troup carrier. 


ing, particularly an land. An additional restriction 
has tesulted from the need for coamings and decking 
at the ends. The stern ramp used on some LVF carga 
carriers has given: some impravement, but wew prob: 
loms have been inveduced by Uhe power-driven ramp 
hoist, swasnping over che stern. and the maintenance 
of the ramp seal. 


Mop ann SAND OVERATION 


The use of amphibians both ou land and in water 
makes it essential that these vehicles also operate well 
ead and sand. In genenal, this requires increased 
tire or Gack fotation. The M-29C Weasel amphibi- 
ous fight cargo carrier, with an average unit ground 
presurcot2 psi, indicates the advantages of increased 
floGaion, and at the same tinte has provided the 
Aumed Forces with a schiche which can stccesstally 
A oad, niaish. swsomp, valine ash, and 


pegoliate 
salt sani. 

Phe develepricnt al a 21-inch wide irack for use 
U-86 aimphibiods pun moter caniuge to replace the 
standard [6-ineh back represents another ay proath 
ta this problem, “Phe new Gack, which peves ip. 
proved operation inc mud. uses the pitch and single 
pins of the old design but provides wing cxtensous, 
holes daotigh the track black bse, and a new web 
design. These modifications aeaease the weight, as- 


sist iu clearing mud from the wacks, and reduce the 
unit ground pressure (Figure £5), P 

Tn research on the DUKW, investigations on the 
type of tire and on the effect of tire pressure revealed 
methads for improving the performance of wheeled 
vehicles on mad and soft sand, Large single Gres (as 
contrasted with dual tires) with low sidewall stifftiess 
together with a central control system cnabling the 
pressure in cash dire to be controll sd trom the driver's 


sand and high pressures for longer fife and lower roll 


ing resistance on hard surfaces. 


Deiat Gk PRACK-LAYING AMPHIBIANS 


In order to improse driver vision an land and te 
Increaw Uhe dynamic freeboard forward, itis desit- 
thle to provide trim by the sters. With the tim 
itations on hull toum as outhined above wad the 
Necessity for keeping the center of yaavity forward 
of the center of the jaound contact length for ef": 
sient kaw operation, this trim iy dificult ta obtain, 


Ost or Vaariuntans 


Tt has alicady beon emphasized that the best am- 


phibians designed to dare ave aferior to comparable 
land vehicles for Lind operation aud to comparable 
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i AMPHIBIOUS STUDIES 


Poats tor water operation, Obviously. se ol tie an: 
phibian Gan be recommended only where one cuit 
must operate in both cnvironuments, “Factical experi- 
chee has shows that an amphibian shoukl actually 
be employed when, in the judgowar of the commaad- 
ing otbeer, boats or trucks camiat do the work as 
well, as quickly, or with ws few personne! Among 
these applications aay the following: 

1 Landing of shor cased artillery cary ir the as- 
saultona beach, 

2. Landing operations where landing ciate cannet 
ope 
reeks, ¢ 


¢ beeause af heavy carter aflshore sand bars, 
shoals, 

3. Ship unloading over undeveloped beaches or in 
damaged ports 

1, Reconnaissince which may require deep water 
ChOSSIIgS. 

5. Reseuc work over courses where boats and land 
schicles Gunmiat operate 

6. Combat river crossings to establish beach heads, 

7. Raiding operations ors rprise atrack missions. 

8. Supply of otherwise isolated units i combat. 

9. Fen ying of other vehicles or troops for diypersal, 
or where suitable facilities lor boat disembarking are 
nnasailable. 

One concept af the various uses which were pro- 
posed ior the DUKW is illnstrated in Figure 46, 
which shows the sehickes operating as poatons fora 
bridge, and as ferries for troops, Preight, tutks, and 
other vehicles. 


Pate. S22 SeRAL PROBE EM OF SOFT TERRAIN 


No mater whether this county cmrers an atomic 
arias race ay suceceds in suppressing atomic fission ay 
aoweapon, it will probably renin wae that the 
Armed Serekes should powess Large numbers of it 
Kreat variety of amphibious vehicles able to perform 
anny different types of inissions over mud, snow, and 
quicksend, A good deal of thought has been 
the division and itt contractors to this general prob- 
Jom ob traversing soft terrain, and ac one time or 
other diving the past few years, designs were pre 
pared for sehicles covering a wide range of unit 
Round prosates. The extreme case in this series is 
represented by a jet-propelled plywood vchicle de- 
sianed for asaul at bigh speed across short snerches 
obextremely volt muds Next in unit groand pressure 


3 Sav Section 1G in tris chapter. 
Lwee Chapter 3 in this voluie 
Ser Chapter 7 ur this salar 


is the Weasel’ next the paddy vchicte.t next te 
DURW with its tires deflated,” and finally the tank 
destroyer or high-speed combat vehicle included in 


Alb these vehicles, inclusling the We. >> and the 
DUK, represent prelimingry and very dentative at- 
amply at selutions to the geueral problems at pros id- 
ing efficient incans for crossing snow, ind, and quick 
satil, Vhis study showk) be continucd on the basis ol 
a comprehensive and fundionc nlal proghaun cavering 
all the factors involved in the design and use of low 
wait ground pressure vehicles, 

The ditheudtios of the probl ot shoud be ceiatrly 
recognized. Inthe consideration of a schick: to be 
used in the Aretic, for cxample, it should be realized 
that most of the Arctic regions are phy siographically 
very ole, the rivers meander nearly at grade, thy par: 
ticle sive is smal, and the underwater gradient of the 
beaches is fat. Fn many parts of che Aretic during 
sammmer, it is tmposwsible for wien to get ashore on 
their own feet. Phe mud fats of regions of Hudson 
Bay, the mouth of the Mackenvie River, ancl various 
portions of the Siberian coast have such a high water 
content that they camiot be crossed on foot: they can- 
notin “ct, be crossed by the Weasel. 

Similar difficultics would be involved in operating 
a vehicle over the wudds terrain of the mouth of the 
Mississippi, the Lonisiona bayous, the Florida swanips, 
and other areas in the Gulf States. 

ft is the belief of the division and its contractors 
that IMprovements in the low unit ground prewure 
technique can be sought in the foiiowmp genesal 
fieiels: 

L. Prifection cond madification of « 
ment. Such a program, which could well be carried 
aut by Anny Ordnance in collaboration with the 
automotive indastry, would include such steps ay 
modifications in existing models of the Weasel and 
the DUTRW, 

2. Development af veriattans of existitie equip 
ment, “This wpe of investigation, which could well 
be condacted by a civilian organisat on such as the 
Stevens Institute of Vochnology, should be based on 
fundamental research inte the problems surrounding 
low unit ground prewiure and would include, for ex- 
ample, larger Weasels and DURWS, as recommended 
in Chapters ft and 3. 
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3. Development of nevel and radical solucions 
Ywo examples, cited not because it is feh that their 
practicality has been pros cdl but merely because they 
indicate the type ob approach invealved, include che 
jetepropelled vehicles designed for assauttaa oss mud® 
and the vehicle designed with an ulura-solt, hydraulic- 
controlled suspension to cnahle it to leap abstacles? 


w See Section 10.8 in this cbapier. 
P Ye Chapter 15. 


1. Pmjnowrd use of vehicl 


+. Tt appears that the 
value of almost any vchicle can be significantly in- 
ased by improvement in indoctrination, organi 
n, Laming, 
pe at 


soration, aud maintenance: Uhis 
tprovemeat should be sought not ouly for 
auy new or dproved vehicles which may be devel- 
oped but abo for vehicles already availible. 


4 Seo Se lion £6 in Chapier 1 
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Chapter 11 
PONTON BRIDGE REACTIONS 


Summary 

Tova request of the Engineer Board of the U5. 
A Anmy Corps of Engineers, an extended study was 
made of ponton bridges typical of those proposed For 
use in alitary opesations, A relatively simple ana- 
lytical method was developed for both continuonas, 
unarticulated bridges and articulated bridges’ With 
the equations developed, itis possible to determine 
ihe bridge reactions to loads, and the shear and mo- 
CHE CUEVES,! 


wa REACTIONS OF CONTINUOUS 
PONTON BRIDGES 
A continuous, unarticukated ponton bridge of any 


length may be considered as a simple beam supported 
at O (vero) and ni (Figure 1), Itmay be investigated far 


Fievne 1. Continuous ponton bridge without articulation, 


one or mor: toads .ctines choy award and a series of 
generally upward forces. the reactions of the pourons, 
under all of which it must meet delle tion conditions 
to give a consistent solution. Under load (Figure 2). 


the conresponding point an the beam pocs down dace 
lo the loads and ap due to the ponton reactions, 

For couvenience itis assumed that the ponton reac 
tion isa force at the center of the ponton and that all 
howicantal scctions through the poutou have the same 
1. The displacement C per foot depth of ponton 
equals the product of this aren (square feet) and 624 
(pounds per Cubic foot) aril is expressed in pounds 
per foot. 

Leta toad Pact at point } (distance AZ, from 0) on 
a beam length nf, supported by pontans at 0 and 
(Figure 8). Ata point a (distance {fron 0), it is de- 


Fivore 3. Reactions of poutan Tide. 


sired 10 find aya, the cistance Chata point on 48, the 
straight line joining the bean ends, is below 4b. 
the original unloaded position of the ling. Phe pov 
tion of the load that gors to the panion al iv 


‘f nly Alp 
/OMGINAL BEAM axis nt 
"| 7 (ie WITHOUT LOAD) 
eee een as and, therefore, 
be nok 
Pd 
a a 
Feu 2. Ponten bridge with load. 
a AP 
the end pontons will ge down and the assumed simple Snoilarls me ac 
beam will deflect below the line joining the ends, At 
cach interion ponton, a force will be applicd which Vhen ji C2) a | [2 - hie ar] 
will lower that ponton, raise che end pontous, and ve ne n ut. nt 
cause the bean to deflect above the line joining che 
cuds. The distaace that a ponton yoey down must =: Ae [ew ky fin uh] 
therefore equal the difference between the amounts _ " 
* This investigation was conducted by the Drexel Institute of 2 nok ga atk 
Fethnotogs. Philadelphia.a.onuler OSRD contact OF Mar HH. ne ! ie 
19H CONFIDEN LEAL. 
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ve Phe por 
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Tr the sane way, am ipterian powlon reaction 2 at 
adisiance vd fiom Owill ata raise 15 an amount 
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nt n 


Next il isdesired to find the di tance aja (Figure 3) 
which P anc 2 cause a to deflect from line AB, (he 
computttion will be made by the “conjugate bean” 
metho, bu the same result would be abtained by 
any viher method fer couputing deflecions.) Load 
P causes the reactions and inement carve of Figures 
4A anc 1B, The conjugate beam and its load are 
shown in Figure 10. Bectuse of this load, the right 
reaction is 


dy Ph ke - 
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In the same way itis be shawn that, ib 2 is ay 
plied tatheright of a, 


PIS fin I (2nk jf? k*) 
GAL " ; 


au 


and if Pas applied ata, 


Pie Zea TF 


ay oe ” 


Siuila upward deflections occa: when Cie reac 
Hon 22 is applied ta the teft of a. te the right of a, 
and ata. 


Finally, due ta a reaction Ac penten will go down 
adistance ROC. 


REACTIONS OF CONTINUOUS PONTON BRIDGES 


Oth 
“$s 
Bieta £. Reactions and moment cies. 


UL there is a ponton ats distance f7. Lrom O and this 
ponton has a reaction A,> then by using the values 
which were devised above. it is powible to write the 
following equation: 
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pany PONTO BRIDGE REACTIONS 


For conscniome in computing, medriply all of rhe 
enegeing tors by vO and Set 

Gh 

BE 


Beany cave the whigion will be nade for a kaawe 
loatlor toads tra trved position. Bfonce the tert con 
taining P wit be kuawa nunihers, aud the unknowns 
te the equation will he the materia pontan tear liens, 
By plice ing a8 ankrewny Cathe loteat tte equals sigan 
it is ponschile to write che faltossings equstion: 


Uy \ tessn 4) bos tary 
RRpeooy Fa Sseteceon pantie in 
" abusing F 


A Vero P2a dee eacte 


siping oF pFyf f awenin yettons. "| 


he tet tf 


CR KACO 


ra tia 


sy ) te tern chy ; 


to adt, { Chae tem ( 


$ torn (9) foe a] 


eS tie Ce ee De [ini prnitony tr 
she right ot} 


XP [» hate | Pop 409 bat a] 


Steno 57> bea ren | 
PRPHR(D  eny ke Pah fs apple vats 
: Neti ows 
1 Ey ea 
WN terms the tin eae de 
SRM a Aytink ff By], [a ratte wie | 
rayhe ea 4, 


Jost asthe laregotag equation fas beou written for 
the poston reaction of fcc similar equation may be 
written for chars itoring pooton, Chis wilt gisc a 
ghoup of eqnarions ta which shicte aie ans ue 
Luowiss as there ane inition pomstons. Since here will 
he This tive ntnber a) eqaeations, a sabation of tes 
arnt ticoty candor wai gite the nate ctl tahies 
otto terion penton vesetiogs. batloweng Unis, ie 
tale at the pontot tea tiers at 8 sand a ney be 
found by scatios. and eb shear anel imamene Cartes 
vas be dia for dhe siucune. 


es Solution of Equations 


ninber af csainph sate sobved here te show te 
application of the merhedt 


Example 2. Find vie iwactions and chic be shear 
and manent cates lar tho stuetarte uid taal shown 
in Figare 3. 
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-O.160P 


“2.240 


Viera. Manetire ad ecu baipte f, 


solution: Reve n= Dad k =o By using the equa 
2a equation will be written far Ky. he 
only imtetion ponton reaction: chat is, dor ft To 
this Pte there wilh be vadnes conesponding to 
tems (0. (3. (1), and (6). Nornitity term (7) wauld 
abo uppear, sare it insalves a doad jo the Telt of f. 


Hee. however, le equals zero, singe ecro is the vahac 
of he. 
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a 5 WINX . a re q ny i ~ 
cat i Pen f i 7 4? (34) } 22 in. Exam ple 2. Salve the su uccute of the previous ox 
‘ene { tt d snople when the load is placed at she middle of the 
| : bas lust span as itt Figure O, 
} © 18ONG TO Gb pera tt = 10,000 Tb per It, Sedation: For very two-paa stiueture. the left side 
t ol the equation is constant. Now, ks Vg. hereto 
CLs 10,000 + 1G . 
{ theadi = ligt ‘ way i 
6 LAOU,000 « |Bs . Sha Bo R,- Plt oy bat Ms or 
\ mG 
j = 2, t PH tg Deze 2edb ty - by 
' Note Ua u has been nes cosy ta express & and? ry Ngee 
H th foot unity since Gand J. are in toss a & 
Hixa dipensiontess numba that is, all anits cancel. ‘ 
{ =Pt zu 
op 
‘ 2 LOFT P. 
OR, + 2. 2aiyFe, - P oe Ry O802 2, 
p eat Ry = OOTP, 
Ryn fos = ORd0r y 
Ry = O55 P. 
Ry BA = about, Ry < 0.140 PY (ie down) 
Ry & byample 3, Solve the structure of the previous ox 
AED x Or 
Le Ru = ORGO EF ample when the load iy placed aver the center panton 
shy in Figuae 7, 
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Soulution: Here k = 1. Vheelore, 
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iN 2 


+P PS Ly] 
=P4+2Hr 
ae 1.502 B. 
Ry OAK, 


Ry = Ry = 0.278 P. 
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Example 4, Find the reactions and draw the shear 
and moment curves lor Ube structure and load shown 
in Figure 8. Assume that H has the same value as in 
the previous examples. 

Solution: Here wwe cquations must be written, one 
for f = ] and the other for f = 2, For f = 1 


r[s—1-14 ye] 


yeleg 
+R [3-2 14 ‘ | 
RTL YF) ESR, 


+ RAHI ~ QQsee 2] 


Sey + Si, 4 MUR, $M, + TAR, = BP. 
Hr, PRR, + 4Ry 4 THU, o QP. () 
For f= 2 


HRMS 2S 2 1 yy 
4 HATZ 2S Ap s 8R- 


2g 
= fs--0 24 2229), 
( ag) 


4s ahs 1 THR, + 8,4 0K, =P. (2) 
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Fictxt &, Stractare and load EMaple 4. 


Theiclore, since Ff = 0.2K) 


TUS Ry 4+ 3.105 Re = BP (ry 
S405 Ry, + 1035 Re =P. ay 
7.035 Ry + 1.500 Rs LOOEP, 2”) 

HGOn RL» O061F we Vy 


R, = 0.006 2, 
7.035 KR, + 3.405 (.00G)P = LP, 
R, = 0282 2. 


‘The values of 2, and &, may be found by use of the 
equations SMP 2 Quand 31-0. 


Exam ple 5. Find the reactions aid draw the shear 
and momeut carves for the five-span structure dace to 
two loads as shown in Figure 9 

Sef en Phe complet. solution is shown on the 
insert with Figure & Note that in the section kibeled 
Formation of kqrettrons, there ate lout aieds which 
wie bounded by heayy solid dines. Che computation 
within these aicas relates ta every regular five-span 
suucture and need reser be made ayam. Farthes- 
more, 1) this same scction there are foun areas and in 
the scaion Selufion of bquatrons another areca ~all 
bounded by heavy dashed lines. Phas much of the 
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SOLUTION OF EQUATIONS 
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UTION OF EQUATIONS 


87.27 
425.01 
121.55 

81.05 


+ 0.282 1.086 
q 0.763 
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Reactions of Ponton Bridges (without articuladon) 
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sheet. lates te this particular suncture and is inde- 
pendent of the load. [1 other words, to investigate 
a sumetore for ait additional position af the loads 
would nec ssitale the repetition of perhaps one-third 
o. the work yeprescnted hy this figures 

The [oregoing equations caver the situation in 
which all support ts durnisned by pentons, ‘There are 
two other situations, however, that occur frequer* 
one in which one end of the structure is on gn oun- 
yielding support, and another ia which both ends are 
on such supports, ‘The equations for all three of these 
insert with Figures 10, 1 1,and 12. 

It should be noted that the derivations obtained 
here are based or the fotlowing assumiptions: 

‘The balk act as continuuus beams. 

&, ‘Fhe support at a ponton may be considered as a 
point support. 

3. The righting moment due to the rotation of a 
ponton may be neglected. 

4. Ponton displacement and ponton reaction are 
directly proportional to each other; 


pases are given Eh 


"20 REACTIONS OF ARTICULATED 
PONTON BRIDGES 


For certain: combanations of pouton properties and 
bridge stiffnesses, it has been found necessary te per- 
mit an amount of articulation in the joints beeween 
the rafts which make up the sa ucture. The joints arc 
so arranged that some degree of motion aust take 
place betore they can transmit monient. Frequently 
the hyenient is such that the joints transmit no 
moment or, when closed, positive moment, but ae 
unable under any condition to tramanit negative 
moment. 

The three-adt structure in Figure 13 may be con- 
sidcred us au example, Figure 15.\ shows the struc- 
ture without load. Ita small load P is placed over the 
venter raft, that rate will be displaced downward 
(Figure 13B), but the adjoining rafts will simply 
s considerable load. 
‘Vhis rotation will continue adil the joints between 
the rales lock. 

Unul this locking occtis, une outer reactions equal 
avvo. Any further load will be shared in same tatia 
among the thee reactions. 

For comvenicnre, the sketch of Figure 13C will be 


inutile without supporting 


eb chica! btegature records rant prasible methods tor the 
solution of cynsiiony Obsiouds 
the couiter might he substituted 


tN oothes mecther! desired by 
Section LELD 
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considered cquivalent to that of Figure PSB, except 
that in Figure 13G it is assumed that the load has 
been increased anti) the jomts lock (ty stil equals 
zero). Vhis will give the maxinnim reaction Ry, 
which one raft alone can support. As shown, the 
elastic curve of the steacture will have at the joints 
an abrupt angle a. Fhe magaitude of this angie, o1 
the amount of articulation, will depend on the 
construction, 

As before, let L cqual the valtlenguh in teet and € 
the displacement of 4 punton or yafi in pounds per 
foot. In Figute ESC, it will be seon that the cemNeL 
pontan has been submerged an amount Cad 72, for 
which the symbol A will be used. Hence, 

Mae = Rin = ae k. 
Seven Rakis AGUNG, Maxiten 

A number of additional sauctures may now be in- 
vestigated for a single center toad. “The greatest odd 
number of rafts acting will be taken as seven, that is, 
a nine-raft structure with the outer reactions equal to 
zero, From the center, the reactions for this case will 
be designated Ry za. Keane UUG (See Figure 14.) By 
the geometry of the figine, it may be shown that due 
to an angle of articulation «, the amounts by which 
successive points of reaction in cach joint lie above 
the point of reaction at the center are, as indicated on 
line XA, aff 2, dalj2. 9al72, and Vial. 2. 
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Piet DE Seren ralty acting. maximum. 


Added to the offsem due toe atticukition, there will 
he deflec Grom die te Joad. For exuple. the two loads 
4a re dlone will Gause a ssaittrical moment case 
fone half showir on dine Ay. aid. ay imay be shown 
by any ncthod of computing beau defiections, will 
produce upward defections -bove Ky at the paiats 
af application of Ft. Hy Hy vind 22, = (0) of 
QR. aah bbl 5Re qb bhd, BRy 54th, and 
Vie, gf GEL. Similarly, the moment curves and 
defections produced oy #0, 2 aed i are shown 
an tines © and @.1t is taulestocd that the otfscos duc 


to aidculation aud the three sets of deflections are 
ac dng sinuliancously, 

Vhe ditlerence in the reacuians Ky yy, ahd Ky. 3, 
will be times the difference in the amounts by which 
the two pontony are submerged. Piva ts by again 
hating €7 7%) GAP equal fH 
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In the sate was 


AR: otal * 


W6Ry ad F 
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28K 4 anf? 
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wm AK + AUR: + VGHR, tm t PAR, ow 


Ry wa Ry im 


~ ay + BK SHH, al! mn A al | 
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she whi 


2 OK + SHR, im t 2AHRy wt ARG te, 


Ry an 
of Wak J WR: red * 5 Wis mad BVH, rt) 
a ae HHI thd orl 


oe GR + AK un t WORE te 4 RUTER, in. 


‘Transposed, these tout equations become 
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Rye (LE ARS ta? 


BRR =. 
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ee enn oa 


ath, 

Ry pe BUR: amy PRR CE HOR ae 
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Since Mand, A sae constants witb values fined fon ann 
given bridge being Tnvestiy ted. an bs appavent that 
four simultareous equations with fou Tak TOWw ns 
(the values of the reaenoiry) have been obtained 
soliton yields the taitow ing vathurs 
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Phe maxiviin lead P,, which seven ralis may 
au, without becoming the nineaaft case may be 
obtained from the equation 
wa 4 2Ra am t 2Ra pe 


Pan = Ri ra t OMe 


Substituting dhe values which hase been obuined 
hom the reactions, 


ACRE b DOB + Sd + AP) 


Fag UE SRE — 8 


Seven Raris Acaine. Now Maen 


Phis aac covers seven ralty supporting the lead, 
but the load ix not great enough to clow the next 
joints, The fast thice equations for Ubiy cise will be 
the same asthe fest three lar the SeVCR TATE INTE 
case, Phe fourth expration ts 

ih, eet = 1 OR, 


el eee 


Phat as the four equations whieh wall permit deter 
Hida Of (he reac hans Are 


Kyo, (nk. ; SMR, BEER Goh, 
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Figure 15 shows this case, with the various values mM ‘ ag 
hasing the same signiheanee as in Figure 1b The (| Vie sat ( 1. “OMe: sae 
displacements due to articulation and deficcation are 
above the point of application of the load. Uhe fol 
lowing eqnitions may be written 
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The first three equations sre the same as those of 
the preceding case. These together with the necessars 
fourth equation, are 
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It will be noviced that this same value is obtained 
when Ry_. is set equal to zero. 
Six Rarts Actinc, Nor Maximuac 
Two of the equations for this case are the same as 


swo for the sis taft-maximum case. These, together 
with the third cquaiion, are 
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Foun Raita Actinc, Not Maximum 


The necessary equations for this case are 


(1 - A ae (1 - 2 )R,. =24, 


2R,_.+ 2R,_, 0 P. 


These give the values 
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For this case the equation is 
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Rye 2A, 


from which is obtained 
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Tn this case 
ae 
Use of Equations 


When the makeup of the structure has been deter- 
mined, valus can be computed for X and H, and the 
values of P,.. Pra. Pag. etc, can be computed. Hf, for 


REACTIONS OF ARTICULATED PONTUN BRIDGES au 


example, the investigation is being conducted on an 
odd number of rafts and the load being considered 
lies becween P,. and P;... then the applicable case ia 
Seven Rafts Acting, Not Maximum, and the equa- 
dions for tids case will give the valucs of the reactions 
and permi: determinstion of the shear and moment 
curves. 
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Loads Different From a Single 
Concentrated Load 


Each of the foregoing derivations has been made 
for a single concentrated load placed at the middle 
of the structure. Provided an actual tank, truck, ov 
other load ia not spread over too great a length, fair 
accuracy will be obtained by assuming that the reac- 
dions will be the same us for a single concentrated load 
of the same magnitude. The actual distribution of 
loads, however, will be used in drawing shear and 
moment curves. It is felt that the error due to this 
assumption will be no greater than those errors aris- 
ing from variaticis li articulation due to shop inac- 
curacies and to disregard of the facts that the pontons 
do not have the shape of a box, and chat submergence 
and reaction are not directly proportional. 


eced Identity of Methods 


‘The methods ueed with articulated bridges may be 
applied to continuous, unarticulated aructures if X 
is set equal to zero. Thus, fur continuous structures, 
the methods summarized at the end of this section 
and chose at the end of the section on continuous 
structures should give identical results. This may be 
Hlustrated by an investigation of the five-ponton 
sructure of Figure 16. Two equations may be written 
(for f = 1, and f = 2), since by symmetry there are 
only two unknown interior ponton reactions, 


Fain 16. Continuous fase ponton siiimiuee and load. 
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PONTON BRIDGE MEACTIONS 


+R(4~8—14 27-3) 


+ BH (2+ 1-9) 4 42, 
+ AH [1+ 2(2-4-2-4 ~1)] 
+ Ref [1-12+4-38-9-1)] 


=-{4 -~2-14 22] 


+ PH[R-1(2+4-2-4-— 1), 


R,, this may be rewritten 


Similarly, for { = 2, 


R,[4- 1 ~ 242 e ty 


Or 


48, + £iHR, + GR, + SUSR, = 2P + 32HP. 
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+ Rit [t+ 284-21 ~ 4)] 


+ RH [24+ 4] 4 42, 
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+ PH[2+4+ 4], 


Therclore, dividing all ternu by 2, 


14H 1+ 11H 
1+ 16H 3+ 16H] 
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10 + +3 


wo PUS + 90H + 2564? — 2 — 44H — 24214) 
+ + 
2+ 36H + 14. A SH 
- aria + + 


The value of R, (= R,) may be obtained from the 
equation 21 = 0. That is, 


P 


2Ry + 2A, + Ry— P= 0, 
Ry = ¥4(P — 2R, - Ry). 


2P(1 + LIA) + PU + 18H + 7H 
nf eH 


P54 W+ 7H? —2— RH — 1 - 16H — 7H? 
oi he —_ = = oo 
a. !-— 


e 2 §H = 
“8 84 3H + Hi” 548A + 


The following comparison iz found Letween the 
notations of the summaries for the unarticulated and 


the articulated bridge t eaczions: 
Unarticulated Articulated 
Ris - it, 
Ras = R: 
Rss - R 


The values computed are the same for the case in 
which K = 0. The methods of analyzing articulated 
bridges, however, will give increxsed speed for cases 
of spancirical loading in continuwoui, unasiiulaied 
bridges provided thai the actual load docs not have 
too great 2 distribution. 
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Chapter i2 


BRADGL, PONTON, AND F 


De fuc a variety of structures intended for 
military use—bridge-, potstous, and ferries—weve 
prepared at the request of the Engineer Board of the 
U.S. Army Carps of Engineers. 

Amoag the structures designed are 8 20-10n articu- 
lated bridge, a portable ponton bridge and ferry for 
$0-10n tanks, a eructure which can be used as 4 por- 
ton bridge or aos trestle or oversias Sor S-ton tanks, 
a bridge constructed! largely of ste} pipe, a 200-fox 
portable bridge to carry a 80-100 tavk, wemporary 
highway testes, 2 ponton ferry to support a 90-on 
tank, tank ferrying barges, and un amphibious peddic- 
wheel vowbaat. Other bridges already being used or 
contemplated by the Army were also studied, and in 
sone cases these were redesigned for additional appli- 
cations, Similar designs wesc made for ramm: for ome 
of these 

Ia ander sa provide facilities Sor tamding tanks, a 
landing pier was designed to handle 2 $0-ton tank at 
sites where tides up to 26 feet may exiet. 

With the expected need for repairing or replacing 
enemy-damaged quays in occupied ierritory, a series 
of aliernate designs was developed ior iowidations 
and Boor systems. 


mal ARTICULATED BRIDGE FOR 
20-TON LOADS 


To met the need for am articulaied bridge on 
rubber foats 10 cafry division kads up to @ tons, 
designa were prepared for a structure to mske ua of 
woods-n floor chess and rubber Boats already stacked 
by the Army. 

The design shown ia Figure | contempleces the use 
of five parallel, weldedtetcel balk as main carrying 
members, cach approxinaiedy 54 inches wide, 16 
inches Geep, 15 feet long, and weighing $30 pounds. 
The details arc eo arranged that che balk are alike 
end for end und ieg for bottom and ciaynot be as- 
acwbled in a wrong position. 


© Thin lavesilg-tion » 20 conducted by ihe Dtexei tnetituic uf 
TVeehnotogy . Phitadelphia. Pa. vides ORRD contract Ot Mer - 
43. and by Canog & Canon, Philadelphia, Pa. under wntract 
NDOrs-$) and DABD contract OF bbe 216. 


ERRY DESIGNS 


Because the bonds to be carried end their positions 
on the roadway are not drhnite, and because the 


shes to be used are rather thin, there is uncertainty 


regarding the division of loads nmomg she ve balk 
in any span. As fat os moment is concerned, this ia 
not 90 setions, since four balk have sufbcient strength 
to carry the moments if these are equally divided. In 
tit cave Of shear, however, particulazly in ihe simple 
apone at the ends of 8 Mructure, this may cause 
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Futier 1. Ansteabdy of 20-ton unieviated bridge 
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MS 38-TON TANA PONTON BRIDGE 


ARD FERRY 


Designs have been pregared for a portable ponton 
tenige and ferry, each eutitite fox carrying loeds up 
10 and induging Son unks Phe equipment hae 
been planned to give maximum ruggedness, abmpli- 
city, interciangeabiliry, atid mobili to meee mit 
tary held icqu-rements © 

‘The gesoral structure of the ponten bridge set up 
far 2 210 foot crosping is mdicaced in Figure 2. [1 000. 
sista of ramp sections suppored un spoual spread 
bearing howe et their shor: ends and douby pontine 
at their river onde for both ends of ine orig « Be- 
tween the double pontous is 2 acrics of eprns wp- 
ported on single pontovs. The bridge deck consirzs 
of ali-weided panels. The pontons, siso ali-rekded. 
have rectangular sections throughout, and cach is 


* The iavonization was conducted by the Auevican Bridge 
Canapany, Pittsburgh, Ps 
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duvide otto four wa tect at Garber teats, anes 
wth lative trames. and equipped with manholes to 
permit ready acccss to the mtersor. 

AM the unin for this 210-faot bridge woul? weigh 
(6.200 pounds of 765 pounds per finear foot of 
beige. and coud UC usespanid igerther tih © 
crane and neceuars personne’ un ten 12cm articie 
laced Urecier trucks. 

By adding auxiliary toclded? ends, uve bridge pon- 
tone (Figure $) and one section of Deseyge devh ain be 
combined ta give 2 berry MnSdx3 tect dorp (Fiqure 4). 
Fully loaded, this ferry hats displecemcni of 245, 
inches, leaving a freebourd height of 74 ins hes. “Whe 
ferry iuself has a weight of $8,206 pounds. 

The cranspostatton mqnirements would fic in very 
weti with abe requirements of the porison bridge, for 
two additional trucks would provide transporte cir 
fow the formed cade of two 1,. 3 andl foe loading 
oprons required fur two hanks. To provide s com 
plete ferrying unit composed of two ferrie and two 
loading sprons, cogrther with = truck crane, hana 
tools, and necessary personnel, seven j8-ton traller 
trucks would be needed. 
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Fucvar $. Ponton few 90 ton tenk br wige 


It io besseved that expanaici of the vasic principle 
shecigped i cubis suedy woubd iead to saiisiacters 
dengns io> ponton bridget and ferric to accommu 
date 5Qton tanks" 


3a 3@-TON TANK TRESTLE AND 
PUNTON BRIDGE 
Lhewgns heave been made for arrestle seractare thai 


can support 4 60ton tank and san seme, with woe 


motifrahions, as parte of a panicar bridge 


Feemt 4 Panton modifeed with ssolded ends to erie ae 
SO tom oak ferry. 


Asa trestle (Figure 5), the proposed au ecture con 
suits of benis (two columns and a transom: spaced 
about 25 feet apart By splicing che columns, the 
fHonr may be pieced atiout 40 ieet above the bottom 
of the column grilleg.. The ben support longi: 
tudinal, welded, open-webted balk thar carry the 
oor beara and an ojcigtia Boor Six balk are 
required in cach epen (o support a ton tank, four 
lo carty a SO-ton tank. fhe same suructure may be 
used as an overpase (Figure 6) and presumably as a 
dock of as a treatic fie light railrosd loads. 
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wan, in OCeN™, Snd DAtk will 
sche as a pont bridge. with the balk resing on 
251on pontone (Figure 7) Special cotacctons are 
planied to redoce the beading moment i the balk 
and to take advantage of the porton Hoanon under 
Dear ne tu@d. For uk aa a Wendge, (he struceure 
wild tx aasembted iito 26 foot rafts, with three 
pontoons perralt for pleton tanke aad own tes Stan 
foads.!! 
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Laboratory ions showed «tut such screws fave aul 
te tent hokding pawer to tate a load of $04) pounds 
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bet TURE BRIDGE 


A bridge design ubing advantage af the load-re- 
sising properties of suec! wwbet has been perpared 
for truck, lank, and ruilroed joeca.* For tanks, if only 
One were allowed on ibe bridge ata time, the struc: 
tare would permit 2 66-ton load on a 1-104 apan, 
a ton load om a 190fco8 span, and # Z-ton ined 
on a 21@tout span Considering iu cupaciy, the 
Laridge 1s relatively light in wright, its heaviest sand- 
ard member weighing about 1.650 pounds. snd aii its 
members may uy readily nested and tiansported. 

The tratures of che design are shown in Figure 3. 
For ute ats highway bridge, stcet guardrails are fur- 
Wished end the pace between top chords is filled in 
with an apengrid steel floor which will be Bush top 
wich the choad. Pout, floor sccm, cach weighing 
about 220 poutids, av used to All in the 4-font panel 
deieeen (wo Boor beims Phe sir ture may be used 
aa 2 tatlwey Oridge it Une guardrad and opengrid 
Woor are replaced w th Ax8 iach es, 12 feet b inches 
keng. pined Tf inches center (6 cent on the top 
i terals 

a 


Lee - 


aa 


in 
Fe SARA EE ORO TAREE eh ey STE «ed 
ae een = a 


Sitwe the aursicnme vl abe Cageece: Boasd wap 
taken by other bridges, sudiey were nor continued 
heyond che preliminary design stage.t? 


135, THE INGLIS MRIDGE 


“The Inglis bridge” with truses composed of pin- 
coonced tubular members, was exasained, and a 
audy road of ts capacity based upon comervative 
allowsble unit stroucy. and its Me as 2 double-ttory 
eidige.* 

The greates clement of weakness in the wructure 
appears to be in the lack of top-chard bracing in the 
singlewory bridge Ae built, there were to be no 
justification for the asmmption chat the unsup 
ported length: of ine top-churd men.ines ts one pancl 
Jengih of !2 fert. The Soading given in the design of 
sie bade: havc 2a facune of safety of 1.07 and canon 
be regarded as allowable for prolonged service. For 
ai3 cases except the singleators, cingk-lube ane. the 
sruciure vith be maieriaily weakened and prohably 
wnaafe wnlew vil of the cotapeewucn collam arc 
srewrd 015 to thesr full wasel * 
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sd 20-FOOT PORTABLE BRIDGE 
PO-foot portable bridge to» carry the medium 
tank, with a weight of about 271, to 30 tons, has 
bev Geugned wich open-pe flour, Aaor beams. 
chords, ced posts, «ad main gusset plates 10 be made 
ot allay ucel. and the arher web inembers to be made 
of orctinary Oridge sect + 

The canaruction uw attuscratedt iu hagure 9 da 
cater co settte the relative crocaen ads anlages of pin 
corneceany and bolts. alecrase deagay were pre 
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pected construccer Once oo bes been derormuned 
whieh saje us paeterabie a light (raseiler may be 
Ceugned tu run can the curh channels of the 
and in rere tor che ceectent: of She eraccure 
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27) BETHLEHEM sTEEL COMPANY 


PORTABLE BRIUGES 


Designs for two portable bridges of arivot mast 
mam clear span were examined to detenmine then 
Rlrera! suitability and safety. 4 Each bridge as 
planned by che Bethicnem Stecl Campais would 
fe eieciess as a cantiesce (rom sanular parts (htt 
serve as an archer arm countcrweighbied fer ere 
In each cam: is wae intendedt in uae tne ang he + 


and the cantilever, when compictcd, asa conts 
sas. 

Tie bm otihess Bethke hem Scheme boo a devgn 
ter a bmdge made up of box sooons UA fee ton 
% feer wide rnd il Sert deep Ebe aatermediat: wea 
Teatte wont VC.MM peenastde vate 


Pwo trusses com 
posed of dates box stuns are spaced Yotert cence 
FY COPCe 2NE CAI. OR Te apie cords tradwas 
vicar wetted: 


ot im tert Mee eres 


ee Ree Ese pete 


femert os adigw pe plac Try 


and 4 200 for ot 


rede 1 Hees an 


es Fate bs tchye 


wan clesgned te spent a 
wet ek met og Few ceee tractee ch teat Poe fae 
Deemtewts the ase ofan alow geet with 
wn ter teases 
rar rey 


. 


vce mce ert = gepteiment me AEC TE FY Reece nee 


+ Poona 


(Ohm tame 


aie REInce. SOMTON, ANB FEARY DESIU.NS 


Similar box sections are planned for Bethlehem 
Scheme F, but in this plan fone sectinna are perma 
nently attached to ficor berma at the wp-chord level 
ao that the longitudinal members of the Hour will 
ausist the chords in catrying compression. Since oniy 
one lane of tanks or heavy wurks may be supported, 
the total weight of dhe seucturc will be considerably 
Jew than that of Scheme E. 3 

Ke was determined that bods schemes are, Gr can 


readily be made, satisfactory trom a detign mand- 
paint, : od once in piace will safely carty their toads. 


124 §OLID-FLOOR TREADWAY BRIDGE 


Several years ago, uve U.S. Anny developed a 
bridge that utilized treadways on rubber flouts. As 
main members, the superstructure hos four {5-inch 
channels, connected to furnish the two treadways as 
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shown in Figure WW. In order ty accommedate Joadds 
with a width of contact of E20 inches, however, it 
became necessary to redesign the structure.* 

Inssmediate analysis showed that il the same gen 
cal anangement were revained, the new design 
would involve widening she Urcads bur retaining the 
dina nce between inner channels to permit passage 
ofthe | von truck. The presence of these inner curbs 
junedecjratile, far certain vehicles tend to ride then. 
Furchermore, it is generally appreciated that trath 
slows up woes approaching ueads, and that this may 
ron) cin serious congestion particulary under black: 
out Condiaans, Consequenily, a new design waa pre- 
pared at shown ia bigire PL, with a solid How and a 
widen of PE fect 9 inches, in comtrast aS tect 9 inches 
for Uhe old bridge.* 

ft Deame necessary later to desclop x ramp lor 
this mew bridge which would permit traffic to enter 
and leave at under considerable change in water 
Ieel. such ax would exist on a tidal stream. The 
mange designed dor this purpose is shown in: Figuse 


SULIDFLOOR TREADWAY BRIDLE 


Biase 1. Dean of solid Bou tiradway bridge. 
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12 Under controted teathe cotslitions thar is, witir 
act bapact 4 threcscction samp 3M foot finches 
Jong will suppeart a Jd-ton tok. and a twoseeront 
snap 26 fect 6 inches long wil bold a $5-ton tank, 


ws RAMP FOR SPARKMAN AD 
STEPHENS BRIDGE 


At the request of the Engineer Board, a design was 
pride ler a danding ramp tebe ted with the Ary 
bridge dev eed by Sparkman and Stephens.’ Phe de 
sigu, as shown in Figure (8, salb for compleic units 
S$ feer Jung with a clear tostway of 12 fees by 
inn tyes 4? 


1¢ PORTABLE RAILWAY BRIDGE 


ty order to determine the possibility of using the 
(08 Anny H-20 portable sicel highway bridge as a 
railway bridge, allowable Cooper loads and defiec- 
lions were computed for span fengshe of 371% to 100 
feet’ Pwo Uoor systems were considered, one (A) 
sing at the panel points of the irowes a number of 
BxlQiach sinbers. & doce S inches center ty center, 
and stingers the sane size over she Umsses in order 
'9 avoid beoling strenes in dhe to chords, and 
another (8) in which the ties reat firectly on the tap 
chords of the trusses. 

For plan A, che allowable Cooper lead ranges from 
ES ti EF for span tengtis af S7l4 to 1K feet, poe 
sading (we trawes ate tived, aud trom Ef io G4, 
practding ttc Uist are usect. 

Far plan Ro che atowable load ranges fram E32 


ta Ei for span longs af 3706 to 100 feet with two 
tresses, and Gren EIB co ET with threy oni” 


2.00 TEMPORARY HIGHWAY TRESTLES 


Lhree designs for icmparary Aighway trestes have 
teen prepared to provide structures which can be 
erected catily and quickly in the hekt Wood piles 
and caps are used in one case, steel Hesection pites 
andl stcel channel capa in another, anc teed pipe 
piles anal steet channel cay ine chit, He aaper- 
structure abosc the sap, indhding stringrss ans 
se adiway, is ube sanve for all throe designs. “Vhe general 
feanies ot the plans are Riustiaied in Figures $f, 14, 
ant 16. 

the pipe pile comstruction appears to feud stoctt 
more readily iw the requirements because of the 
simplicity of held connections, This design provider 
for pipe plug application of the cap assembly and 
pin connection of ibe stringers to the caps. Bracing 
details are ziso simplified, and this type of irvesiic 
tan prohably be ceecied mare rapidly than can eithes 
of the other two. 

A unit similar itt construction to the Austin Wear 
crn “Kadger”’ cane rigged as a pile diver, with or 
without hanging leads, should be able to handle che 
piling. Nerrssary modifications include the wlection 
of @ power unit of sufficient capacity to handle the 
trance, and thr addition of a 81s vbicfoor vir com: 
presar. 

While soil canditions vt the site will determine the 
speed, a Gime schedule of 40 minutes for driving one 
bent and ove panel appears reawnstte. This is haw 
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i So ved 
mo i Oat 17-0 te er complete piclirainars preparation and ow cases 
am } hae G ances that the cap ascmibly and parcel deck and ere 
: stringers awembly are all available within reach ot 
! the power-driven unit 
i 
TRE : 1E 98-TON TANK PONTON FERRY 
+ be { 
ailes i Plans have been made fora heavy ponton ters, 
viles H capable of carrving a 9-ton tank or cyttivalent toads 
ripe : of fucl, water. persimnel, or other military supplies.” 
| a Py Sur 
pO As shown ith Figane 97. the ferry consists ob four 
and units, cach 10 tect long, 10 fect wide, and 4 tect high, 
eral constructed at clectrically, welded carbo or allay 
1k, stee! with watertight compas pncuts. Ganstruction of 
: one unitis iatrated in Figure 18. 
! . . 
uel : The units can be carried on trucks, traders, or 
the : 
ides insestigation was condiucied by E.R. ‘Pam Pitts 
burgh. Pa. under OM D contrics OF Ma 18K 
and : 
ring, H Trea OAT GE TEL BERT 1-0" 6 
sstle | 
ther } Foncme 19. Design of deimporas highwas (etic wood 
{ pile constructinn. 
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freight Gus, and can be as mbled in 20 ininutes a1 
Tow, Dhey can be ined as scpaaate units, in groups, 
onan a contiauans a ticiatce fanny ponton bridge. 

A separate, selé-contain.ed tawboat is recom 
mended asthe most desirable nicans of propulsion, 
although cither deniauntable or permanent propel- 
ling equipment can be installed on the units. Designs 
for a suitable towboat and a method of transporting 
iton land are given in Figure 19, 

Equipment to transport aud place in service one 
four-unit ferry consists of cight transport tucks and 
four Caterpillartype tractors. In addition, cight 
transport trucks would Le necded to carry the two 
towboas, (wo Wactors for the towboats, and two 
tractors for launching material.” 

fy order to simplify launching and assembling, 
operations, plans were made later for movable con- 
hned launching cradles that carry 4 penton unit on 
steel runners, and in tarn are carried on rollers in- 
stalled within the side frame portions of the taile 
chassis. “Vhese make it possible to iaanch the pontons 
disecily inta the water. Each transport unit--a trac. 
tor and ity trailer—is therefore completely equipped 
asa self-sapportiag and self-contained unit to serve 
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Mat DUKWS AS PONTUNS rad 


In another sertion ot this vohone, a report is pre- 
sented an the use of the anphibiew DUKW as a 
penton ferry and ils posible usc ina ponton bridge! 


12.14 TANK-FERRYING BARGES 


fn order te feny tanks and similar loads weighing 
up to 90 fons, small barge units were designed ia 
May 194] is shown in Figure 20.¢ Fach barge would 
be 14 feet 5 inches long and 7 tect 6 incies wide, con- 
structed of welded steel, and weighing about 2.400 
pounds. With 16 barges carrying a %-1on tank, dis- 
placement toa 2-foot 3-inch water Jine in fresh water 
would be about 15,250 pounds, leaving a ficeboard 
of 2 feet 7 inches, The barges could be nested for 
(ansportation. 


{See Chapter 3. 
© This investigation was conducted In Sparkman & Sirphens, 
Tit. New Vork N.Y. ander OSRD contract OF Ma 36, 
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Tethe barges could be built of plywood shin ona tion Transiene loals woul be handled by sepa 
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Stecl frame, che weight could probably be reduced ta rately applied steel girders, 
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TAALTOR COVPLED TO Tri END DASE LINE 
TOWROAT MOUNTED FOR LAND THANSPORT 
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Fietat $9 Tow boat fon Sd tou taak ponton forse. 


The basic featines of Che A-trame aie shown in | 
Figure 21. Pbis structure would be built of welded 
steel pipe. with each section about 22 fect long and 


weighing Jes chan 2.500) pounds. “The members : 
would be arranged in the form of a trays, with ad- 
diianal Cross members 10 provide extra local sap 


port te the iongitdinal mentbers where Uiey are 
w would provide a 


carving a tunway. The A-dra 
means of Lifting and suspending a ton taak after 
ithad been launshed in shallow water. Han Tshe ped 
center fink wore substituted tor the seation carry at, 
the chain hoists, a Hat bridge-ly pe atacuire Gould be 


loading plaviorm. With suiable Hikages betwoot 
the ends of such platiorm sections, these could) be 
formed inte a ponton bride. 


Affangements propescd to imect various ferry ing 


and loading conditions are didieated in the diagr ais 


even eke Pai sn biguie 22. 
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Prete 28) Danie] stern tow tent 


beat and the other a taanct stern towboat, fhe 
latter, shown it: Figure 23, would be consiacted of 
phenolic resin ph wood on oak frames and powered 
by a Ford V8 automobile gasoline engine fitted with 
a marine diteh, a reverse gear. a reduction gear, and 
a thrust beating. An automobile-ty pe radiator would 
provide fresh water cooling. With a screw propeller 
housed in a stern tunnel, this boat would be able te 
work cfhcicntly in shablow wate. ty overall length 
would be 1 feet, its beam pb fect 6 inches, ity depth 
Sect & inches, its weight abour 2.100 pound: and 
its speed about 1 knots. 

Although it is believed that 1 tawhoat generally 
similar to one of those mentioned above would pro- 
Vide the imost fesible single means of propulsian 
under varying conditions. ether ponsibihties may be 
considdred, Outhosgd moter, mounted on brackets 
on die barges onan sinath wooden boats desiguied to 
best in the barges. would be satisfactory for staal 
leads but probably not tor tasks weighing mere than 
about SO tons. Ai endfews ceble ot ski tow arrange 
t 


tent would: presumably provide the most ethe ic 


Use of power and contd fe considered in imore derail. 


chtoan beth shares af ah 


Yue wood wecd capi 
Water ta be crossed. Paddle os propellardiises asing 
power Takeatt from the tanks thempelves could be 
developed, gs contd renes atte fins ov paddies ans the 
tank treads 

The carving method oudined here appears to be 
particulath practical aod tlesibl. te wold have 
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A frame so that thes would atensh Leanely cet 
selves but would fijghtea the diate ot the whote eae 


in shallow water §F 
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ay AMPHIBIOUS PADDLE-WHEEL 
TOWBOAT 


In May F9tl, designs were prepared fer an am 
phibious paddle wheel towboat which could Goss 
and and operate iu water and could be used on 
towing barges proposed lor feriving tanks weighing 
as much as 90 tons.! 

One design is shown in Figure 20. Uhiy calls for 
constructing the tawbost in two longitudipal, mir 
ror-image halves lor easier handing and transport. 
Each halt would be 20 fect iong and 7 teet l iadies 
wide, and would javlude a paddle wheel at the side 
Phe wheel would be chain driven: by a bovdinder, 
‘hp Ford automobile cagiie. with the controls 
brought te the dimer side. “Lhe wa units would be 
joined by mets of special connectors, 

In an alerniare desigii as shown in Figure 29, the 
paddle wheel wanld be hifh contained within the 


hulbet each anil, giving aa over all width of 9 leit. 


Tacither case. aough (he boat is cei boas ane 
tx Pwo botors to Tyee eae wage eset aboadety. at 


should provide good Tew ing pawl 
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SOLO foot teanport sosrh was desteacd ne Mian 
PONE toser vr aya tink Handing shapes As stow on bay 
Whe Shit woubt acconmpodaie up ia 82 80 ton tanks 
op dese minobo of amphibreds cabs on rank 
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Phe vessel would have a beam of 62 fcet. a draft of 
va, adepibof 12. and a speed of 20 to 22 knots. Anti 
diccratt guns would be mountedon the weather deck, 
aud catapults would be prosided te kuch fighter 
planes. Shop Facilities would be provided for repairs 
op the tanks during transport! 

Phiy projedt was not canicd be yond the prepara 
tion of rough pla, primarily because of a lack of 
interest by the Armed Services and because of their 
failure te agree on which brah should bear the re 


sponsibilit, if any, tor transporting tanks from ship 
to shore, At the dine of this projec, with ne apprecia- 
tion yet Gisplaved by the Services lar the actual re: 
qurcments of an amphibious eperatian, Nave aiices 
advised NDRC that the Army had not signified any 
intention te bind tanks transl ps, while Army offices 
assrted that such a requirement was a Navy respon- 
sibility. Fhe vesvarch project was accordingly cer 
minated. 

Unknown lo NDKG at the vinte. however, the 
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hasia idea ef the tank landing ship had already been 
worked out by the British in the design of the LST 
(1) (Landing Ship, Gank, Class 05, and incorporated 
in the HALS Pagesite and Bose. Eater. the BSE 
was redesigned and the idea of the tank landing ship 
found its final expression in the DST (2), which, at 
British insistence, was pat mito production by the 
U. 8. Navy. Che develapmcat ol amphibious tatiks is 
dew vibed in Chapter 9. 


wa LANDING PIER 


For the landing of $0 con dankeat sites where tides 
up to 2 fect exist, a pier va designed with the main 


pes) 


catrsing members consisting of PETG tris sections 
jeined by connectors aheady deseloped tor use init 
penton badge. and the erection flaais being the 
available saandard 25-tan aluminum penton * Phe 
reucrad plan is shown in Figure 27. 

Asection of pier with a lengud slighth more thin 
St iver and with one bent atteched would be doated 
ite position. A clane operating ai the alicady cain 
pleted pertion of dhe deck and 9 Huating dev rick 
would then yaise the sequen from the poniens to the 
Hal elevation in the pier. After a commection was 
ade to the completed paztion and while the heavy 
end was sll held by the derrick, the cofunns Qinul 
then in araised position) would be chapped to the 
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Denton, and pis taser ted at dhe yam ends. Lhe 


Test sccdan oof the pra world then flea inte 
position! 
Vein QUAY REPAIRS 


Wirt the expectation ther ghe (29. Mim weal 
probably be Gilled upar ta pus back ito service 
Reus quays thar were severely damaged by the with 
dhawing enemy, a study was nade of the most uscdul 


Hesiens The most practical is showt in bigs 28 


Wide-Hange stecd shapes, serving as piles, would be 
driven on L6-loot centers in two directions. The pikes 
would nox be theme cutie the desiied clos ativan sisal 
Gaps prepared ta iadvanee. placed on the piles wad 
welded to take the entire load. Phe piles would be 
locited with (heit Ihiages vermis to the qaas tice in 
order to pecmit the cay dstallation of welded byte 
ing is 
inadequine, shart pieces Gt the sane section car be 


ing at tow tide. Lo cases witere the pile fie 


welded to the pile to provide astded bea ing. 
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The same size members which serve as piles can 


so be wiilizedas girders and weldcito the volun 


plicdiie permit the use of odd- 
fongth picecs of girder. 

Aomonber af alternate flog: systems were con 
sidcied: 

LON design using tiavber stingers anid) timber 
deck. 

2 OV dese rasiag steel stingers cand ar apen steel 
Hera 


A. XN design using a peinforced-conaecte deck on 


teinforecd concrete strings, 

LA design simian to 3. except ulin at Jighiweight 
will support dic 
Jens and Gary the wer conccete, Uns climinating 


jeise is coeased in che beam, F 


the nced for ether rorm support. 

4. A design using a reinforeed-concrete deck on 
stecl scringers. Cornugaced iron sheets will) serve as 
boder tori Jor the slab and will be left in that 
position. 
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QUAY RE 
With ans of diese suggested floc isthe basic desigan 
will serve with at Cidal mange of to TP leet and a 
Towwwater depth of ay much as 30 feet, and nay be 
contasted with the British Veiype nosde which way 
considered fey the same service and which fees a cor 


responding low-water depth of 1G [cet 
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Quays and picts similar to the suggested design 
hase boon satistictoriby: uscd dot a iuatber ol veers, 
and expericuce wih then iidicates that they ate 


adequate tor docking large snay 
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Chapter 13 


TESTS OF BRIDGE COMPONENT. 


Summary 


Ave ot balk, batk fasteners, anti bales msed or 
contterplated for miliary br ieges was Const tel 
atthe reques of the Engineer Board of the US. Araw 
Canyon of Exp) cy 

Standard faboratesy esis were performed on 
Doug tas fr balk imtended for pontan badges, steed 
balk with and without wed hotes, and several designs 
of atutsiqum balk, iiduding doflow balk and baik 
reinfatce witht internal ribs and Wathe place. 

Similar tests were performed on welded steel, cast 
steel and bronze batik fasteuers, and on heatarcaied 
bridge bults.t 


if TESTS OF DOUGLAS FIR BALK 


Sainples oF Douglas fr balk intended tm poston 
trices wore tested as beams and tor compeession, 
beth dry aud adter immersion in water, Phe bea 
tests were grade on fulbsize balk with chind point 
loading, anc measurements were made ob mal-point 
dyes ction and top hbo: siains. Lhese showed an 
esceagee (Ct ate strong dh of 4.900 pi and a medals 
of elasticity of E9000 pst Lrons spit poine detign 
tien amd of 2,259,000 from tap tber strait. 

Sinatler samples wore tesee in compresson paras 
tebto the grain, with some tested (9) andl others after 
being tumered it water ovenagin. Chis gave an 
average iddimate etrenpgits of 6.0 psi and a inodulins 


ef chasticity of 1,925,000 psitor the dey sampics, and 
S040 and 1860008 for the wee ssinphes. & gag an 
tmemstare of aboue pri cout fy weight was fos 

Secreta che sbusgile and seitiness constdcrdbiy. 
Norconethatien wattoaid tewter broscen per cen 
areas more al pee bee cease ss enygth 
eucl stines Shavilariy, ap eart do tor tebe 6 oes phe 
KhaviGs to sérenguh anf sciifney. jocye no debate tea. 
fonshap Dh) mitber of annular ings pet meh does 
hot prete tobe rebated bec of deeds way to strength 
and vinfinews 

Others Costs wormed to andicate thar balk with: the 
wiewth ritge venice fave sigdtads higher proper 


PP the Ter vel fistaeuee of Tet 
tes OSB TE conned OF MLC TT 


2 Phew tents were 


Cotes Pate tptbes Ba vs 


tigeal Yinuity and imadali of clasticity, hut Mighty 
Jower ultimate snepgtin than tac with dings 
Borizonsal? 


ise VESTS OF ALUMINUM BALK 
Aueinem ArLoy (RI05-1315) 


In order to determine theiy asetulness ay balk tar 
Hoating bridge. welded members of ahisminuin alloy 
RSG TELUS were texted dar sted strength and alti 
matr strength. 

Of eight samples, dine bailed at stieses at 6,220 20 
8,200 psi with the break at the edge ob a S4qdneh 
weld, while thiee fatied at stresses of 5,550 160 7410 
psi with the beak in dhe weld. In shear wats, five of 
six samples failed ac the vdge at the welt at stresses 
of 3,200 to 4,020 psi, dn all Unese cavey mie parent 
metas failed at stresses exceeding 33.000 psi, One 
plait specimens of the alloy gave a yield strengih of 
TEAR pA, an ultimate strength of 770K, and a 
atodutor of chavieity ob 1Q,000000 pit 


Krams Wait aru Without Wii blows 


Awrel beam with lightening holes cut inthe webe 
to reduce dead weight was investigated to determine 
the rflert of the heles an beats deflection. he holes, 
$Y4 inches iy diameter, were cud along the center tine 
o€the web at bly inches copies tocepies, in an B-inel: 
AWE TT pound steel fear. Phe heans was sessed bab 
betore and after the holes were made. 

Jie seid web wae deuded 4 ile 20.000 pounds at a 
valoubated bher wars cb 200 par withene giving 
any pena wt bbe web wah holes way teed 
wpe 25,000 without fartice and within pelmenens 
~ Capon retuin to teitial bracing 

Deflection nesaaicmentn showed an jistcase of 
center drfirevon for the beau with hates at aber 
HOT veh pes RO pomneds ove the leans without 
tuates. Che Beam with hobs boll ths ssscavaninoay Joa 
imposed without apparent distress 

The sora) dead woe bnuied be a desae to keep 
Mange bending stresses below che viet strecugrie 
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Rogest load placed on dhe bean without holes was 


therchore eniy pri. din is fess 
ofthe peaccaine allowable shear stress of 11000 psi 
mi the webs of highway bridge poders, which in ann 


Whe below the value which causes huckling bat 


So Ce a a a 
SR Ca 
ee 
zu TESIS OF BRIDX-E COMPONENTS | 
vahtes Phe shearing sae. in the web due te the was observed briween 30,000 sid 32.000 pounds, Na | 


Wark (2US- 1) wun IN traaat Rin 


Nepal 9x9 indh abuminion balk of alloy 248-1 > 
was subjected a beam dest of the halk, tensian and 
shear tests ol te. welds, aod i tension test of the 
alumipui, Phe dialk (Figures bp was node fram owe 
ahoninain cChanned shaped extrusions, welded to 
vanel 


rib, 


fon a box shaped section, The top has six exte 


fongivudinal vifs and one intemal longituding 
Ip the extemal ribs, iadcutations atc presed iy 
inches center to center, “Phese indentations ae oppo- 
Sie 1 alg mate rows, staggering those in the other 
three rows, and ae of suck a depth iaee the inside 
of the top becomes level directly beneath therm, 
As tic loading inceawed, an apparent clastic Linit 
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vindil signs of failire were goueed below 46,000 
pounds. Defmite failure ocamred at 51,800 pounds, 
with buckling of the webs and the upper plate. 

Tn tension tests, the weld Lailed under an average 
breaking Joad of 8,170 pounds or 4,090 pounds per 
inch of welif. im contrast to 21,680 pai for the patent 
mictal. in shear test. che weld tailed under an average 
SM pounds of 3,150 pounds per 
7A psi for the parene 


breaking Jaad of 1. 


inch ef weld. in contrast to 
inetal, 

fu temsion tests of the aduminum, the yield 
strenguh was found toa be S0,700 psi, the abtiniate 
strength 6,000, and the clongation was 1121 per 
cemt in & inches! 


Nokwar Batk (608-1) writ ReinkoRGING PALES 


S vonai Ox%-ineh aluminium bulk of 618°) alloy 
was subjected to a beam test of the balk, tension and 
shear rests ob the weld, and a tension test of the 
aluminium, 

Phe balk was made from two channel-shieped ex: 
tasions, with plates rivered to the top and bottom, 
svinnictical with the center of the balk and extend: 
ing on cither side. Phe rivets on the plates were stap- 
gered. Phe channels were then welded io form a box: 
shaped section (Figure 2). 

As the load was applied for the beam test, the first 
indication of pernancat set caine at 34,000 pounds, 
with a delmite sec ubsersed at 35,000 pounds, Sudden 
Railure came at 50,900 pounds, with buckling of the 
top plates and webs. 

Int tension test ot the weld, failure occurecd at an 
average of $150 pounds per inch of weld, in contrast 
to 23.00 patter the parentameuel, Tn abear tests, the 
2608 pounds por inch 


weld fatled at an avcrage 
of weld. tn canstiast to 27,700 psi for the parent 
mictal 

Pn tonsion tests of the aliminum, the average ulti 
Wate strangth was found to be 24.00) psi and the 


wkend chorgaiy 


Nowwsat Bark dbtS bp wia Inieasat Rin 


Vos ingh alomainuin Gal: eae tron ewe hil 
mon chanel shaped extrusions of alloys aid welded 
to toni tax shaped yeetion (ec Fagcure 1) was sub 
Joc toa beam: test ob the dyth sausinin and shear 
atyob die welds aud a tester tested ehe abandon 
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Maden 


My Gaches long are pressed WZ, inches centers to con 
ten. hese indentations are opposite in abternace 
rows, staggerin, Uhese in the odher thice rows, and 


Re at tt 


of such a depett chat the iii 
level rect beneath the indentations. Phe plane 
af the ribs in the ww 
That of the ribs in the dour inner ones, 

Ashe loading was increased, a apparent clastic 


ater rows is slightly abuaye 


limit way observed at approxinately 32.004) pounds. 
Failure occurred with a 40,000-pound Joad, vith deh- 
nite buckling in the webs and ins the upper plate. 

Tn tension: rests of the weld each specimen tailed 
in the weld with an average Vale of 1,180 pounds 
per incl of weld. Thow welds showed vers poorly 
fused metal, which caphiins the low values of the 
breaking loads. 

Jn shear was 2.440 
pounds por inch of weld, with amininnnn of 2510 
pounds per inch. 

In tension tests of the aluminum. the average ula. 
mate sbength of the specimens wis found to be 
12,970 psiand dhe average elongation 1046." 
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Hiaw Bua (G18. 5) 

AN hess) Osi inch abu min balk ab allay GES. d+ 
was sitbjected to thice sen of test, iieluding beam 
ph balk tensa 


and shear testy od welds anal 


tension testsof the nivimun, 

The balk (Figur 
Shaped extrusions vchded to for a box shaped sec 
nalovébs ais 


somaede Lom éwo channel 


The top suliac has tive longaud 
which Vtg inch sndentations arc presed opposite 
cath other in altesuate rows: thease in the othee Uhre 
lows are Magyened: and all are of such a depth thar 
the inside of the top becomes level directs hencath 
them. Lhe pline of the two outer ribs is sights 
above thatad the chree immer ones. 

lo the initial group of tests, the brse indications af 
a permanent sc unde inaicawd loading came at 
26,000 pounds, with a definite, measurable sce after 
the 30JKK-pound load. No visual signs of failure 
were nobccable below 38000 pounds, and buckling 
occured in the webs and apper plate at 410,000, 

The weld failed in tension tests at an avcrage of 
2.740 pounds por inch of weld, in contrast ta 14.150 
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ww TESTS OF BREE COMPONEN rs 


eM at alt aver 


s parentinetal, and in shea 


age of 24 
2B AUD pad tor he pareur metal, 

Phe avcrage yreld strength of the aly 
tound te be 29,560 psi, the altiinaic sirength 41,600 
psi, and the por cont of clongation 1130 in 8 inches? 

In the seconst series of tests. the first indication uf 
& permanent set under increased boadings came be 
tween Ue 28,000) and 30,000-pound leads, with fail 
ure at dh 200 pounds marked by buckling of the webs 
end top plate at one of the loading points, 

Under tension, the weld failed at an average break: 
ing load of 9.670 pounds or 4.800 pounds per indh 
of weld de comparison, the parent metal bailed at 
23.44). in shear tests, the weld tailed at an average 
faeaking fowl of 10,500 pounds of 2.020 pounds pet 
wel ob weld 
tnetal al tails was 26,200 psi 

ins temien test of the aluninuim. che results gave 
an teenage ultimate speagih or 92,500 psi and an 
tlengation of 10.88 percent ia 8 inches.” 


HO pounds per ind: of weld, 


The average enit sires in the pare t 


Useo Barn 


Sued welded atuminan bath reported to have 
had approximately 1,000 pawes af an Met tank with 


COANE TORS 


steel (racks? wan subjected to a Seam test ot the ball, 
tension and shear tes of ihe welds, and a tension 
test of the aluminum, 

Tbe ball, consists of (wo atumimim hau Lahaped 
extrusions of GIST alloy, welded to form a box 
shaped section (Figure 4). 

Phe fret indication of permanent set came at or 
neat 14.000 pounds. At a load of slightly less thar 
26.000 pounds, failure ceurred with the buckling 
of the top flange at one of the loading points. This 
buckling inercased ta auch an cxrent chat only 19,000 
pounds could be maintained by the balk. At this 
final load, the center line deflection was 3.05 ine ses. 
with a set of 0.90 inches upon release of the oad. 
Since Une buckling of the tup flange occurred betore 
the vield strength stress was developed, the bal had 
apparently not heen damaged by ite previous usage. 

The weld failed andes tension at an average of 
9.620 pounds per ioch of & inch weld, with a mini: 
mun of Lomb and a iccsnann of 3,750, tn contrat 
to an aserage of 13,590 pei, a minimum of 6,820, and 
a maximums of 19,250 for the parent metal. Under 
shear, the weid failed in two of jour samples at an 
average of 980 pounds per inch of 3 ¢@-inch weld, in 
contrast ta an average of 10.270 pai for the parent 
meal. 

Pension tests on the aluminum gave an average 
sicld strength of 39,680 pei, a maximum stress of 
42,500, and a 9.37 per cent elongation in &@ inches. [t 
was noted that tht wearing of the top flange of the 
bal did not affect its maximuns stressez, which were 
slightly greater chen the maximum values for spect 
mens taken from the bottom flanges.* 
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A welded aluminui bath with veel crafic plate 
A bases anc other sliacturcs was 


designed tor um 
submiitied io beam tests of the bath ivelf, lemon and 
vheas tested the welds. teaasien Gee of the elagauin 
cathy phir, ane} pull tewaaon the balk lugs 
eS} in rempased ood 2 steel trathe 


plate rive re toa bow shaped se tion made from two 
alumina catraaie ot alloys O98 fb pomed by welds 


fopmed by a Lincoln asthon are machine. ton ide 
head 
She bea: ona )5 barturnple bean indicated 


4b appatcnt clasti linet at Gr nea 22.000 pou. 
(Design ty Sparkinan a Wephite Ing New York NOY 
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with a center deflection of 3.75 inches under a wsaxi- 
mum load of 30,600 pounds. Defcivien isa su sight 
fine function of the lead ontil the elastic Limit of the 
steel ws reached. Further analysis indicated that the 
permanent deformation of the «eel prevents the 
aluminum in the vicinity of the sted) plate trom 
returning tu its original length. The stresses in the 
alumaium do not reach elasic lim values even ata 
beam load of 28.000 pounds. 

In accu danse with beam theory, the anit staiar ia 
the aluminum, measured at various distances frens 
the calculated neutral axis, varies ditectly with the 
distance. A shift in the position of the neutral axis is 
Noted first at the 22.000-pound load and, as expected, 
ts toward the stronger siste of the beam and away 
from the compression sice, where iailure starts. 

‘Tension tests 90 degices to the weld resulied in 
five failures in the weld, with a ininimum value of 
2.070 and an average af 1,200 pound per inch of 
weld, anti cight farlurcs in the plaice. “leisisic tests 
45 degrees te the weld gave a minimum shear value 
of 1,270 and an ascrage Of 2.120 pounds pet inch of 
weld 

Tension tests inade with a Huggenbeiger rain 
Rage on specimens of aluminum and ¢rathe plate gave 
the following resulis: 


Vield 
strength Meximunt  % elonga 
Speamen (ps) fpeny hen ins + 
lominusa 36.00 40.500 eh 10,600,000 
Thath plate 36,00 53 sn 
40 a1 wo 25% 


Frathe plate 


Teste were performed to determine the pull in 
dict lensing which the intermediate luge would 
Tews, One spec inien failed ata load of 37,400 pounds 
when the weld racial connecting the lug and the two 
boits on one vide of the feting sheared off “Lhe sex 
ood teat was stopped after the other hag had resisted 
a pullof 45,500 peaunds withour failures 


Roetiow Mrsai Barn 


‘Teas performed on samples of hollow metal balk” 
propesed) as lighiwerght beams for asc in ponton 
bridges and other structural devices showed that che 
members ate ie weak dit vbear au alow the deve fogs 
recntod brain strengeb 
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TESTS OF BALK FASTENERS Pays 


is te che general shape of a bolo; TP scction. Phe 
Banger convist of chaamels 40 fahes back to back 
of flanges. Phe web comists of two plates, OO" inch 
thick aud spaced 1.78 inches apart. bent co ht around 
tirabers fad 


housed teshape the danges. Phe dian 
ils are tack welded along the edges tothe websuceal 
and abso ate spotwelded through the tap of dhe 
Hange. The web has holes : 
on Bineb conters. 


inches ue ameter 
mweosid: phates bent in anid 
welded together to farm Hie holes. 

the material 
Dent itr beam. and foal hats duc te 


Strain measaremenn showed that 


does 4 


shear as indicated by die buckling of the web iactal 
between che holes, che distortion of the holes, and 
the Hat staught shape af the member benween load 
ing points. Lension totes showeel a dente viel 
point for the Mange, marked by bet scating and the 
«he 


ab he Drain at 27 308 pi Phe ultiseate attewses 
200 for the web. 


are TL700 psi tor the Mange and 17 


Asis. TESTS OF BALK FASTENERS 


Dince types of balk basteate ns wore cxamined ia the 
request of the Fnginecs Board. and tested for cesist 
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Par] FUVts OF BRIDGE COMPONINYES 


ince te vations toads wud for operation of the fasten: 


ia omer Danian. 


Warpen Sizer Harn Fasesnens 


{wo specimens were subjected to Toads up fa 
{8.500 pounds, One specimen begin ta yield Joeally 
neat the hook a PLS pounds and failed ar 13.500, 
When the end of rhe lacking pin was ground to a 
conan) point to sacitingce the drilting together of the 
parts. the mechanism operated: sarishe torily atte: 
holding a toad of (3,000 pounds. “Phe second spec: 
men held a marximum Joad of 13,100 pounds, with 
the mechanisns operating satisfactorily thraughout.1= 


Bronsr Barn Fassi nies 

Specinien fasteners for U8 and 2oten poten 
bridges were teviet! for nieximiun Toad and for work 
ably of the sarchet mechanisin after success 
loads. The fasteners deaigned for the W-ton bridge 
failed under an average Foad of T1008 pounds, with 
the mechanism foc king at 9,500. Phos for the 23-ton 
bridge failed under an average masini of 18.290 
pounds, with dhe mechandsin docking at (333004 


Chast Siret. BACK FAstrNeRs 


Five cast steed fasteners were costed for maximam 
foal and for workability of dhe mechanism, with fail- 
Ure Occ ing af an avenge af 1600 pounds Fach 
failed! snddendy aa section gear the hook." 


oe TESTS OF BRIDGE BOLTS 


Tard Per avten Bots 


Hear treated steel} boli alesigned for une tn the 


Tight UOTO portable bridge were tested with two dif: 


fant types ot dhieads, Uhe bohs have a nominal 
ameter of Uy inches, anover-al Jength of 22 indics, 
athycad lengih of 3 inches with bye hireads pet inch, 
and a scuare head finch igh avd 11), inches fia 
Uiiatactet, 

Ven bolts, ine made with Acme thicads and ne 
with Dardelet thicads, were supplicd with mild stect 
hexagonal nuty and tested fullsize for yield) point 
und siltimate strength wit a divance of 19 inches 
Trom under the head af che holt tothe inaide bearing 
ef the not. Pbis is the distance generally used ie 
xiydee, 

With Some chreads. all bode hahuies were in ten: 
sion at fe asininiia class section nest ta the nut, 
with a crosescetion arca of G.REC square inch. The 
Hols failed at an overage of 154,210 psi, giving an 
average WaNiMIM Unit stress ol Uh4240/0.811 or 
190,000 pai. 

With the Dardelet threads, three failures occuired 
inthe net threads ata maxianue unit stress of 
T4100, 143,900, and [49.600 psi, respectively, one 
in the bok threads as 166,700, and one partly inv the 
bole threads ane partly in the nut threads at 165 400, 

I) heatireated bolts are wed with the H-10 bridge, 
it ispecommunded that the bearing lugsof the bridge 
be torch hardened ave the hole reduced from 114 ta 
14% inthes, 

Phe threads ot the TL -dich mifd weet ruts ies sup: 
plied were tound to shear pot at ast average maxi 
iain lead of T1670 psi, Dovealin a value equaling 
that of the bole, the nuts should be made 2 inches 
fump (10, inches ff heat trerateds. 4 
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Chapter 14 
TORPEDO PROTECTION FOR MERCHANT VESSELS- 


Summary 


tthe tequest of the CLS. Maritenve Commission, 
A improved wite nets have been developed to pro 
tect merchant vessels from tarpedo attack, One type 
of net, weighing PP tous, can be carried by ships 
under way with the art ol handing gear weighing 
16 toms. and is able to catch 4} to $5-knot torpedoes 
Oy their tails, Another, which can cither be carried 
by the ships or be placed around them while moored, 
ivable ta stop 15.10 50-kror torpedoes by their heads. 
New net designs have tl. prepared, new wae 
strand specifications made, amd new vtreanedineel 
metal clips deviscd to give uiaximnam cflicicnes, 
maximum usxcful tite, and minimum drag through 
the water, Phe drag of ws Liberty ship at t1.5 kaos 
has been redtteed trom about 0.6 knots ta about 14 
knots, thes permitting such it vessel to ain 
voy speed ina 10-kinor consoy, with Wer sets down. 
The reduction in shaft horepower absorbed by the 
net iy about 110, from 900 shp to 790 shy. 
Elevtrically energieed cables have been developed 
for use with these nets asa protection against mag 
netic tar pedocs. The energized cables aig designed 
to produce a magnetic field which will explade such 
torpedoes before they reach their targ: 
Alb these devices have been tested full scale int 
litnaites! 
successtully, 
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member of fel Grials and appeal fo operate 
‘There is no doubt that ship owe scould tine bee 
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averted: had net protection becu developoul 2 yeas 
carter, had ships been cquipped with this pear, and 
had ship's mastery been compelled taxes tin watcss 
whete submarines might: be operating. With the 
latest type of net deyeloped in thiy investigation, 
vhips can remain at anchor in comtpatative safety 
or can mese in TO-kaet conveys. 

Although the varions Laboratory and held tests lett 
litele doubt tat the newly developed nety were con 
siderably superion to the older pe. the new device 
was not placed in production. It was felt by respon. 
sible ofheets ol the US. Maritime Gommision that 
ans change of design would delay delivers, necessi 
Gae the scrapping of much material, and incre 
the cat of manutacturing. In addition. it was de- 
cided, submarine warfare did nota that tine ave 
dant such a change. 

The need Jor adefense against magncuic nuncs wos 
not considered to be urgent. and comequenily ne 
practical applications of the clearically srmed cable 
were nade. 

Despite the added Hectiveucss 
Clipe designs, these were net used bec 
sion that their adopticar would result an saapping 
bouh machinery already delivered and ofd stvde clips 
alverady aiedactured, and in an mecreasead cost ol 


manulactine, withewd a sathdent degree iy impiore 


ra 


Hil jimproved 
aveat the deci 


IAC TSE, 

The Cacia of Ship Defenve invtatlatinns of 
the VS. Maeteone Comnissaeas dues. howeser. fea 
ward! to Division 12, wish approval a legen ren 
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! 
ve De C18 Masttime Comnviesion Depots, 
stating that the develapineit expense, sciig $250, 00, 
was justified. 


4a THE PROSLEM 


keeraines the we of sabmarines in World War i 
mictials lad Leen songht for efficient prosection 
against thein, particularly for merchant vessels which 
were uncduipped with necessary submarine detect 
ing devices and) sntisubmarine weapons and which 
were ton slow to evade adack. Early in HH, when ag 
satsfaciory solution bad yet heen faund for the 
German sedinaring campaign in World War 1, the 
US. Maritime Commision regarsed assistance in 
developing adequate net protection for EC-2 Liberty 
snips. “These vessel were already being eqpipped 
with Forpeda Net Beferse fENDT which had been 
developed by ube Briush as an emergency tacasuis 
in World War Hand which was will in a somewhat 
eAperimental stage. “fhe netowere difficult to handie, 
hada short hte, and raed a high water drag. with 
the revit Unet ships masters and cemvoy comma 
Hopes were alten sehu tint te seas hem, partiea 
Iards shuce Liber ships were consequently stawed 
down Ex abet 2 kant or pine cnongh ta be farced 
mud of tie HPht convers and inne the slower 


CO as 


Faun 2 Neis streamed on Liberty ship. 


A research program way consequently ser up in 
May 1943 to investigate dirce protective devices:> 
CU) a net io catch low-speed (30- to 35-knot) torpedoes 
by cheir taits, (2) a net to woy, catch, or defect high- 
speed (45- tn 50-knot) torpedoes by their tails or heads, 
aud (3) a device te give prarection against magnedc 
torpedoes. 


» this investigating was condvand by the American Steet 
at Wire Company, Sew Haven. Canna sicut, ames OSRD 
contract GE Mss -i877, 
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Vietien ) New bps desta d Con aptiterperto neds 


Tn the Gese of Complete pets, an ane Wapt was mare 


fi the design te decease the nct diag ai chat ing 
speeds, increase the operating Vike of dhe mesh 
strands, offen limited to one round ripe seross the 
Adantic, and simplify the manufeciun ef the com: 


ponents. 


42 PROTECTION AGAINST LOW.-SPEED 
TORPEDOES 


at Procedure 


Nels fist went into service on American Libern 
Shipsin Novewber 1982. These were similar to those 
eurtenth being installed on British mere hant vewels, 
with a complate defense consisting of Ovo nets, one 
provided for cach side uf the ships (Figure 1). Each 
her iy about 270 fect long and extends below the 
Water sunface approximately tothe dralcat the ship. 
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Ficune @. Sequence of views thawing approsch of how apes torpeda and its caprure by ihe (ail ic a diaginnd meh 
Weare cree. Succemive frases rendlog downward in esch coluinn shoe sonpeds pose passing hrouKh the mesg aur ten 
wwenugit. Wiite line troming the lower lefs hand corner of race frame in the after gay ef the fotward boast White dis, 


turtmne in water encesing at sight vf trame is wake of net. Ble forward end of net being tne 


diet. forpevia was heid 


Wisit ots fuel war enhausted. Uhear pictures represent alternate frames taker froin mesing picture bins al spend ot 
1 frames per second. Prrivsh covered (4 this sequence a approsimately 4 accords, 


When the nev is streannied (Ck agure 2), it ts stiyysortort 
hy Bloadin rollers on a Blondin cable v tach ied 
ta hed ta the ends af rubuler siecl Pex ver thai th 
net takew a vertical poasition about 3 fect trom che 
ships site, 

Lire eash nets are compost at ty gineh bia 


mivier, See, stranty with a minimans Leeabi 
arengih of FOAM ponnds, woven tog shes and at 


cwheel by eiseted) dape oe forme 4 dionamnd ch: 
toes Gt ieches tong aed AO inches biph. Tbe deat, 
ae asa clipped to teur bowndars tapes the te ef 
jupe above. Che fnatrape belo, tie iif tape fiw at, 
and the hoch repeals. 

Che Hioudhn cath suppents the sets that sete 
th: ossitans cota bite attached forwunl andadegue 


atiaahert alt, che meron bela a a veri ad pester 


velten peat Eber Une water Farts bessa supe 


porting de pet shell ey horiemisd postion bs 


myping Hire ved Gaeeuph bla ks at de raesibead 


When the pct ik borthed cr poker to beading pape 


gathers abe tec savd its aller supports to ube end od 
the abies hem: both boonss gre sbriy raised vertically 
fevice which scoures ubem te the 
mast any, and dhe vest hang bree fram 2 point ehone 
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TATED DIAMGHD wE ANE TILTED REVERSE DIABUNG WEAVE 


Droge Diagrams of diamend. olted dienoned. and tilted reuse diamond weave 
st 


TOV fet above the deck, where thes are Lashed in posi Ehe necesstry power fer these operations is de 
teeomby sans ada kite rope gasket (Figure 3). rised from the ship's cargo winches. 

The nes are sticdaasert along the Wondin by means Some ob these nets altcady in service were exam 
of awwrope when the booms are lowered saficiently ined tnd their components subjected to Laboratory 
tear the ais toctear che decks. test. Ht was feund atthe U.S. Marine Comission 
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the honnslary zope elips char ng session. f fre obo ttt 
wires wet baiting fot fatigee. parGonkeds ae tlie 
patty wher they wase sipped togerber to fori the 
attest. 

Vhese iuafinps were coobrincd aint anaplitied by 
faboraony toe which showed that the clips used in 
He net were inaatitiin tary, Chey were ungab aniseed 
ad corroded capidhy. Ufies fad ta be vivered te 
gether a precces who ty distar ted, mashed quid weak 


site 
said the clip Was ner comsion Weng gcails te the 
“Preabawa sah and inoib  Meadving down’ 
vale. 
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Bidar US Drage bo was tested ast, dh dsaniies, 19 
wdaw ate sand stteh an 9; 32 ine telismieted, 9 die wind ex. 
panded wens, ead enction tH] inelien aegttare. 


under way, Mi-knot tor pedocy equipped with colli- 
elon beads were fired at the net. Phe ability of this 
Bet te atop torpedoes was boted, as Was the drag of 
die net and the gener an angement and type ot gear 
used 10 support and operate the nets. 


a4 Results 


The new clips functioned satistactorils while the 
nets were catching S1-knot torpedoes by fouling their 
propellers and tail assecmblies (Figures 5 and G1. dn 
those cases of failure which did occur in the test. the 
failure of the mesh strands at the leech rope was 
responsible. 

Use of the new dlipy rediced die diag, of two nets 
from 1.66 kuets to about 1.30 kno, Ship's speed. 
nornally 11.5 knot, increased from 9.9 knots with 
the standsud net to 1.2 knots with the new net, The 
slip values of the new clips aie relatively comstant. 

Phe mechanical gear used to support and operate 
the net was fuund not conducive to lang rope life, 


aad the arrangement ul satel bloc ka results in seine 
hasard to personnel when the new is sucaiaed in 
heasy weather. 
duck distacies. T whe ssiand, $b ih staiseie: swayed 
giuminets. 
Design Minas tested as GC eeZinch diaseter, 0.005 wise, 
bs aawuhination £2 aad Wi facto dhesnelet ands ota grain 
{ | wiete ad <6 $ leah, Fwie stand. combieation It 
| ated FF siadi diana ter waged grommets. 
pi renee — edettgy © was tested ay OSE dedi diasecter Ss dE wae 
biuves tz fb uh dumeter smayet sree anit ts. 
Besta F was test ae FDS nede disnactes. (9 wee Poign Peas totukae Nu bond wite TOE scl we bled 
braid fb tush clanucter weagest yromcts aid as 4, fedora iy miewh. 
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Ficvas 18. Setup for drop texts on propose wt designe. Eset shows dummy torpedo striking at 15 knots. 
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28 Conclusions 


Fiom thew investigations, it appears that a nercan 
be manufactured to provide execllent detense against 
30- to 35-kuot torpedoes by catching them by the tail. 
The new clips adequately support the net strands 
and give constaudt slip values so that the torpedo can 
be gradually slowed and then finally stopped. They 
should increase the Tile of the strands and, since they 
are streamlined, they permit at least slightly higher 
ship's speed. 

‘The mesh strands should be galvanized to reduce 
corrasion, and they should be dead-cnded at the Ieech 
rope. An Mgy-ineh diameter strand was recom: 
mended, 

Althongh the mechanical gear used with the nets 
in dhee teats was not altogether satisfactory, it was 
decided that under the actua! conditions prevailing 
it was not desirable to niake changes, 

Certain general specifications cau apply to the 
clips, strands, and mesh of acts: 

I. The clips should allow enough strand slip to 
slow the torpedo gradually, and their built-up hold- 
ing power must then be suthcicnt to stop the torpedo, 

2. The clips securing the mesh strands ta the 
houndary repes must allow the strands to slip when 
the torpedo impact forces reach them, but they must 
not allow slippage during normal handling ur usage 
ina seaway. 

3%. The strands must have sufficient strength to ab- 
sorb all energy remaining from the impact after a 
portion ty dissipated by clip slippage. 

4. ‘The strands must abe have sufficieut flexibility 
to become properly camesbed ia the torpeda tail as. 
sembly, and sudiicnt toughness and abrasion resist- 
ance tosun vive che entanglement. 

4, For improved operating life, the mesh suands, 
brail, and towing ropes should be impregnated with 
fubsricant. 


6S PROTECTION AGAINST HIGH-SPEED 
TORPEIMIES 


Hest Procedure 


Ti the first phase ol this investigation, tests showed 
that an improved net could successfully stap rela 
tively dow speed (30. to 35-kaot) torpedoes by en- 
angling their propeBers. Tr then became desirable 
to pofect similar methods for proteetion agaitist 


Ficuee 15. 27-hnad rarpecto striking expuerled weave tect 
with ship and net static. 


relatively high-speed (45- ta 50-knov) torpedoes, This 
was more difficult, 

Field tests quickly showed that at (erpede impact, 
the mesh strands were sheared by the propeller be- 
fore they could cutangle the propeller blades and 
shaits and bring it to a stop (Figure 7). 

Several different types of diamond imesh, tilt dia- 
mond mesh, and reverse diamond inesh panels were 
substituted (Figure 8), and “seams” (Figures 9 and 10) 
were incorporated te absorb the impact more grad- 
ually, but these modifications did not ofter more Uhan 
Muinor improvement, by turn, ull the contributing 
tharacteristics which had brought about successful 
tail catches of 35-knot torpedoes were extended in 
proper ratios, but every trial revealed uhat there was 
insufficient strand strength and net yield to stop the 
torpedo. Additional laborxcory teats were conducted 
wt the U.S. Naval Net and Fucl Depot, Melville, 
Rhode Island, to determine the minimum wire strand 
which could entangle and hold a high-speed torpedo 
(Figure 1), but it was found chor the weight of this 
minimum strand would probably exc ced the capacity 
of the ship's pear and that its towing resistanie Would 
be impractically high. 

In view of these unsuccesstul codeasons, the ives 
Ugation tuned to the design of nets to catch or stop 
high-speed tor pedocs by thei heads, and at the ssinc 
taue tow study of the tse ot such ned to preted 
moored Vessels as well ds vowels unter way, 

huproved pes of gromuact nets and welded tein 
forcing suevh nets (Figure 12) and expanded weave 
nels with wire strand with fised intersections (Figure 
$3) were fabricated and studicd in torpeds drop 
fests." Fach ner was supported horizontally by buoys 
sd placed beneath a 4,650-pound Mark 14 dummy 
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torpede, When this dionmy was dropped fom a 
height uf 90 fcet, iby velocity at poitn of impact was 45 
knows (Figure 14). is appeared from these tests that 
an expanded weave net of 8y,-inch diameter. 19-wire 
strands would withstand this inppact. 

Accordingly, experimental nets were constructed 
with "%y-tnch and %q-iueh diameter, 19-wire strands 
and instaJled for sea testy with torpedoes equipped 
with collision heads. 


¢ A amatheniatical analysis of the results ig centaiaed in refer - 
ence 9. 


M32 Results 


fy trig] reas? with the ship under way. the cr- 
panded weave nets successdully caught 17-kuot tor 
pedoes without damaging the net (Figures 15, 16, and 
17). Decelerometers attached to each torpedo indi- 
cated the impact was absorbed a gradually that it 
was uvlikely that the kinetic type of exploder mech- 
anism would have been set off, 

In a trial run with the ship dead in the water, the 
expanded weave nets also stopped a 17-knot terpeda, 
and again without damage to the net. 


Faorna 18. Fgh spond Gapodo with nese (pointed out by anion) stiking expanded weave net. 
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‘34 Conclusions 


‘The case with which dhe expanded weave net 
caught 47-knot torpedoes indicates that faster and 
heavier torpedoes can be caught in this inanner with 
a high degree of success. With the use of 4 inch 
diameter strand, torpedoes with speeds greater than 
50 knots might be stopped. 

Investigations should be continued on the we of 
slip svains to improve the shock-absorbing qualities 
of the net, on the use of larger mesh to rcduce the 
total weight, and on uniform expansion of the mesh 
tu reduce drag in the water. 

The expanded weave nets developed in this inves 
tigation are believed to be eminently practical, A 
plan for commercial inanufacture has been devel- 
oped, and the contractor presents as his “unequive- 
cal recommendation that nets of this proven design 
be placed in uv on all cargo ships operating in tor- 
pedo-infested waters.” 


144 PROTECTION AGAINST MAGNETIC 
TORPEDOES 


ae Procedure 


On theoretical grounds, it appeared that a practi- 
cal protection against magnetic torpedoes could be 
based on the use of electrically energized cables to 
produce a magnetic field ata safe distance fran: the 
ship. \ torpedo entering! this held would presumably 
fire before it reached its target. 

Vo investigate this powibility, measurements were 
made of the magnetic telds prodaced by various 
types of cables at different positions around the ship 
and causing diffesent currents. The experimental 
designs were Limited by the equipment aud facilities 
ol a merchant vessel which would cairy the protec 
tive device, by the speed and cHcctive devauctive 
range of knowu torpedoes, and by the sensitivity of 
tarpedars kunwn ar believed to be usd by ute 
cnciay, 

Sea ial were made with 100Qampere. 15 cycle 
alternating cucu at 60 volts and with direct cur- 
reat, Tbe cable was installed on an EC-2 Liberty ships 
equipped with new. The torpedo caveled at i 
knoteand ata depth which would allow them to pass 
under both the nets and the heel They carried de- 
tonuating beads which teleawd phoophide smoke 
boushs at point of ting. 


PROTECTICN AGAINST MAGNETIC TORPEDOES 


Fouune 17. High-apeed lorpedy shown just after impact 
against expanded weave nel, when it bas swang the net 
avoul the Blondin wa ecate A moment lates, the net 
cetled inte watet and the Hapedo remained caught 1 
the sate web. 


1448 Resulus 


When the cable was armed with 1a ycle alter: 
vating Curent, Che oncaming torpedoes fed beture 
they reached the net or fired under at. 

When the cable was anued with diet cient, 
thes fied beaween the net and the ship or wader the 
ship. 


164s Conclusions 


ho was fowid that alternating cumicnt al 14 cycdes 
provides a high degice of protection against the ty pe 
ob magnetic torpedo used in she Geld trials, and it is 
believed thar lower frequencies will give at least as 
satisfactory perfor nianee. 

Nurmcrou, sitarnate types of cable and power 
source may be used to provide the magnetic Geld 
desited. With Ta-cyde currant. it is recommended 
that the cabie be 1,000,000 ca mils capper, icin 


forced with a stecd core and smauaded with a lexi 
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ae m. Three compartment Hotation buey for static 
WICCHOR Aysinat Corperloes 


ble, won resistant insulation. Lo should be attached 
tothe UND booms and run fiom bow to stern, mak- 


SECTION anh 


SECTION B-3 


ing a complete loop around the vessel, independent 
of th: nets, The power source should be a 2U-kva, 
steam-driven yeneralor to operate at 440 volts, single 
phate, 15 cycles per sccond, with an output of 45 
amperes, and a transformer to step the voltage down 
to 60 volts, 1,000 ainperes. 

Tuclligesice reports on captured specimens of the 
Italian SIC head and its German counterpart, the 
Pi2G, indicate that these magucti¢ pistols are readily 
ecwuated by alternating-current fields of low fre- 
quency. The maximums sensitivity of the S1G is at 
12 cycles per second, and of the Pi2C at 6.4 cycles of a 
siusoidally varying field. Either a )00Q-ampere, 12: 
cycle current ora 250-amnpere, 7.5-cycle current would 
provide a suitable magnetic held for protection 
against these tarpedocs.!7 
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MISCELLANEOUS NET EQUIPMENT asl 


FitLat 20. Underwater photog aphs of passing small boat propeller. 


3 PROTECTION OF MOURED VESSELS 


Aatitorpede new have long been used in harbor 
protection to defend moored \cssels against torpedo 
attack, For this purpose the nets are suypended by 
buoys and ple ed around the vessels or across nanow 
chaunels. 

Fron the results of the investigation discussed 
here. it appeas that the improved nets, particularly 
the expanded weave net for protection against high- 
speed torpedoes, would be particalarly useful in uhis 
shane Wpe ob protection. Fichd tests with the ex- 
panded weave net showed tht itis as cllectise when 


troored as iis when sQoamed by a moving sesvel. 

To improve siuatic defense. a new flotation bias 
wi produced with ogive cnds and three congeai 
yaents which should be able co withytand machine: 
Kan strafing Cigure 18). ft prosides a ineans of at 
Haching the net which chiminates frictional wear ou 
both net and buow and ins shape provides quick 
Hesponse fo nedcttons impose don the net by tor pede 
Phe now Taos can 1 


Hpac knocked down ain 


nested chaviay shapaecnt.!? 


We DETECTION OF TORPEDOES 


Niclosety athied investigation ou som equipmcar 
designed for mer hart cewely as autematic, con- 
stanly alert detecting yweters was conducted simul 
National Defease Research 


fanicousts by nether 


Coanmmntice datissen XN aeqpedt on chese davies, une 


Cluding an analysis of Ainerican and Bi 
is presented elsewhere! 


sh systesnis, 


14.7 MISCELLANEOUS NET EQUIPMENT 


Iu addition to the major developments, the inves- 
ligation yielded other devices and recommendations 
for improscments, 

Numetous moving pictures and still photographs 
were taken for instruction of PND Depot penonnel. 

Four different: types of diogite (Figure 19) were 
manutactuied to submerge the net anore satistae 


torily in a seeway, and (evorable neal respons were 
obtained on at least two." 

Ke had been noted that Uke Bloadin aller uscd 
with che nets often lailed as a result of abrasion and 
dirca Toading In place of dhe smallatianieter, (ast 
iron rollers, aMeabte on taller. ware substituccdt 
aus) gave beater senice. Phee new rollers should 
have been even Lager in diametcr. har ihe cia 
stances oof the investigation did ne: penmin this 


change. 


th order lo obtain aimesh stand intersection ¢ hip 
which would not teat on slip at bapedo hapact, ia 
double-baricicd sted sleeve was produced and 
swaged onto a strand iatersection. It resisted stip 
and tear up to the trcekimg strcopth of the saand 
tise TEI 
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80 UNDERWATER PHOTOGRAPHY 


inorder so deteninine the exaccinannce in whiely 
TEND oeiy operate and i which the tuesh ciiangles 
tion was piven to the 


the tail of a torpedo, conside 
posibitity of obtaining a setics ol underwatar pier 
Riaplis. 

Locatioss were lound in southern waters where 
the water ix abaut £5 tn 50 lect deep with slow an 
reat aud saifaient cbaity te perinin unider wales 
photography. Howie planted to place three high: 
ATOR 6 ULSOnTS 


speed cameras in cad ol two unde 
which could be supported: hom a staienans Inidge 


euvered oucot the way if in oif-aget rer. 


and 
pedo endangered them. Phe cameras woudl be opes 
ated fiom the suaface and would be locuwed ona 
Paint about 15 feet away, Covering an atea approsi- 


mately 1 to Pi teen square 

Howas then planned that an ky 
dralt woutd gavel at vormal speed along at tine of 
buoys othe her nets would pass through the aves 
of Ganeta toa, and that a daing device ata pre 
scribed distance would discharge a terpedo to hit the 
netin the area in focus. 

Hisean became apparcr tac the acquisition of a 


2 ship of heyy 


hupet ship ands fring device, the construction of Uh 
camera supports, and the preparation of necessary aor 
and suriace proection would entail very consider 
able expense and some harard. De became apparent, 
fou, Uhat bee aie of the dimited accuacy of availible 
trapedo fring clesires and becsuse of Une water ta 
Tatlence ia Lorpede wake, the chances of obtaining 
Suceessiul anda water photoguephs in the mame 
contemplated are practically nik Accordingly, be- 
cathe of the dithcultics expenses, and harards in 
Vobed. thi phase ot the project was net Garied juny 
buntt 

Figuie 20 shows farnes selected boi moving pic 
taros ade ander water incclear Floricht lake with a 
Inilliant sandy bowen The pi tes were taken ot a 
propelict on a sualdce Gabe by mcans of special sab 


surlace equipment nvmotactured by che Bell Pele. 
phone Laboratories. 

Te was suggested Tater Uhat pictiminany experi: 
ments be made wih a model torpedo anda mode 
meving pet eduecd toa f to LO scale, in ear iniand 
waters ona stitable tank, but this plan was wet ap- 
proved Ducane ol the great Oxperse fa nie del cor 
pede vind nreving net and che length of Gime neces: 
say te acqitive the necded techimque, 
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Chapter 15 


LAND COMBAT VERICL 


Saamonary 


ANS have booo made far the desclopiment ala new 
ye jey ob combat vehicles desigued to combine the 
Post features ol iinks already tested in battle with the 
best new hainines developed bs collaboration of bead 
ing militias, sciemite, card idayaial aurborities. 
This taew 
bo highis mooile units suitable tor an taiypart, 
ticdigan unis, and hesasy units. 

Mockups wae prepared lor dhe fist tea types in 
the seties, One of these, insesigaiod ante in an cy: 


“Lute series Recltides lighthy armored 


plonitary scuds, is acedivgn rank with ao weight af 
Approsinaceh 
hall, vnd a Sine gan, Cansidciation way piven ta 
various mohheations, including one with pein 37 
won guns, anather with dou S0aliber machine 
guns, a beasy assault unit carrying an Ale or 15 aan 
gun, and a unit specially designed for defense against 
tow Using planes and catrying Gwe cight gun poo 
joe Uy pe meunis, 

The weoud type, the light. bight) aobile comiiat 
sehicle, was since in tee model one with cight 
wheels to caty a Sindh gua the vthter with fou 
Wheels to cans fighter aonament. Bod mradeds iv 
dade ass heel drive. ah dhralic and recat ssteu, 
aad. new Espoot independent. ally heed saspeasion 


fons, a low sifhouetie, aval-welded 


tcnable Hie cehete ta jummpover di hes. beaees, cad 


sondar abstaca, Phe design of thes models ix tes 
bed paiculay le by dhe hayge caengs abser poo of 
the suspension te gite capravcd viding: qualities, 
Lage remo abwarliag Grpaaiy evar with conven 
Homab pr shook abserptasi, bake balanced diftier. 
om 


jal aleives, ansed pron tetera at bacelities ¢ nabling she 
selicde to squat V dal) vcele test unt consisting ob 
ene veloc somth pty ive. saapension adjacent Gara 
monmbors. and Tvdiehe parang copeqsaent wets 


consented: andl sufacairi sb te teste Bbrese aediected 
the 


pree t fath ss ate ve brie de: diee cot porazatieng Hie siete ts 
toloped seston cau cleat a boyhe ol FO inches ands 
Joye 7 fecat a special BO nailes por heat 
Boeaase atinabihite to sccuee in coeper diets of 
the Ghitofihe US Sivas Opdininr: De pnertanc ie 
abd he sretoretive aadustiv. all werk on the Na 
Hiatal Deter Resccot Cadamattoe | NDRCE! se rees 


Of Corks worse nanan d 


CONTIDENTEU 


fa another duds, protiminady plans were prepared 
for vehicles, devices, and techriyaes for use ia deniol- 
ishing chemy hel) peldic atilitios systems and fate 


faeston ing tem, 
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1s.) The Problem 


da April Lott. alton observations on the perfotut 
ance ob ctatent canks and particulary alien a studs 
ob thei resistance fo encnny autack, i appeared to 
bows NDRG and the Ordnance Depariwen thar jae 
ploscment sas accesses i che desigi of gun mioinaty, 
vision devices. aanunedition Teed svsiems, sud ja che 
nicwns for operarip the ta rets, 

Alifengh wok was undertaken on improving 
these Gank component, ay reported later in Uhis 
chapter. it soon bene apparent dat any mi 
improvements were Timiied by the overall design 
of Arrcrina aks. Accord gh. a praject was setup 
low uke desigu, couse uction. aud tecing ot oe or 
wore filbsacte pil niedcl of a series al atmored 
combat vehichs., Phese veltickes ware ta ic orpan ice 


those chaaacteristics found anost destable in bade, 
together withthe test ischial new canponcuts which 
cod be developed it cooperation bs inibitaay, si 
seb jnedaser iad acrtheon pies, 

Later. ater oiejer Gark cngagenents a Russia and 


the Libvan desert lad disclosed aaauy of (he artaal 
hutks ant acher 


adh BES MU SOAR NESS Fie 


armercd cchicles iy aaaderd hace, this broad se 


cho and development progr two given addi 
Heth. though lemporces impcris beat formal 
diective bons the Chict o) \pan Ordaanee, 

Ta genes the specifications called lat cotibat ve 
Wiles which jonkt tia asia sperietits over 
bom elredes abd in Canons protections agcitist 


deghie of inelitlin. 2a shabte Caotng platoon, Cb 


frigth Misty ace rated ww beeke as imeotion. | bat de thie 


erie aud sila coeratrate tor scout. nd sig prise, (43 
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AD ang I ysis uf Medina, tank lesizy, led to 


» Projecs OD. 36, 
“This WWeatigation Wen Conde tog NN the 
shiners Cuporation, Berton, Mas, 


+ Mag 
© amy Kun, 


applied Withouy 
ages Cithey 


OW With g rate OF fire a feast "gal ta thay of @ hand. 
OPC ted, Aube rey. KON af Cates] talib, 


Prohibited 5 HE tase *UtOnisay POO. Turrey de 
Signs Meregy the ‘OM Dex ity, of Prodiction 
Merehore, iy Was Tele, TE the tan, © shonhy by 
COM pere ¥ teed ned ang *anged MOND ate 
UN guns 4 75-auny WW with a Tate Of fixe of $4 
345 Towns yy. Minute (hy. ay 437m, Rune wigh, 
FHte af 199 Teun, X7 Minny the 49 liber me 
Me gia, Wilh *Mtomatigctty a) “St Tomo Con 
Toh. The Thonn 1 Was they be ur Migned, the 
2ST Bt Wwigy inp *Utetion for th, hy Airaohy a 
fightey PHD, ayy he eal ber ny hing RUN wa, 
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organisation, chive, Crew, wad armament. The cew 
is reduced to tow men, 4 driver and a radio operation 
forward of the tures, a conmiander and a guna: in 
the tunet. This tank would weigh 30 to 35 tons and 
would be 7 fect high, 9 tee: $ inches wide, and 14 
fret 7 inches loug. 

“Whe voain Gated arinaineat consists of one 75-10U0t 
rannon, wo $7-nn cannons, or four bs aliber aia- 
thine guns, all of them replaceable and interchange 
able (Figures 1 to 3). Phhese guns are cauatile at 
Sidegree rotation in azimuth, and clevations of 
~ 1010 +45 degrees for the 75-0, and — 1) te 4-85 
degrees for the 37am and the a-caliber, bn addi- 
tion, the driver has wo S-caliber machine guns 
capable of — 10 10 4-36 degrees dlevation, and the 
communder, located in dhe turret, has one forward 
S-caliber machine gun for fire against ground 
Vou and low-fying aircraft and ong rear 50a aliber 
machine gon. 

The armor is fram 3 to 314 inches over all yuduer- 
able surfaces and can continue down over the treads 
to the road Clearance (16 inches). he low surface 
angles ava the small frontal and side areas exposed 
io fae should olfer comideable protection against 
chemy fic. In this partionfar design, the aew ac 
well below the main body fines of the tuk and are 
well protectod, 

Automatic ferd is planicd for ali aumament to 
give maximane sate of fire, Accuracy of fie would be 
fnproved by stabilization of the gunin both azimuth 
and elevation, and possibly by stabilization im cleva- 
tion and avimuth of bath gun and drises thiongls 
some Himitedd thiew such ax 10 degrees, 

‘The gnanes has S00-degiceasiniiis vision afforded 
taohe tanset setation. Hiv clevation vision depends 


TURTIE 


mah 


apod the matin aimament wed. Fhe commande 
has S60degree avimath vision independent ob the 
taret and --10-degree to + 83-legree elevation vie 
sion, “Phe driver has — 10. as 4 80degree elevation 
and no azimuth vision, 

By use of a $00-Np metar and by the redaction of 
tack iriction, 2 speed ot 300 Sh miles per bom is 
believed possible. Aiy cleuning and air-conditioning. 
equipment could be incladed for contain wis ives iy 
order to maintain the cficieucy of the Grew and the 
ic of che micchauical parts. 

The wank would be designed for nis production 
using large unit pieces mathe than ascrvblics which 
world reqrite accurate his and profonged ascarbling, 
operations. 

fn cottrast to the M-S median tank, dhe IVEG 
has « low, Compact design witht vinimuim crew te. 
quirements and sutheignt volume to carey necesialy 
auxiliary equipment and gasdline fora greater op- 
erating range. Wis silhouctte is 3 eet lower. Te wont 
be capable of resisting heasy caliber fire because of ita 
heavier armor and Jow deflection angles. Phe sosat 
weight of the IVILG, bowever, would be greater be- 


bigeee 5. Mafef of (06 0 medi Link eqntippet wet: 
two 37 yam quis 


bees: 2) Mesbet of (WE 1 mela; tank cgudggeet sah 
77 mm guy 


Fetse 0 Mast ef IVE D cotdinsin tank equipped with 
A cabsber veacttine guns 


for 
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tans of its jncreased armor thickness and the use of 
atsnar over the ircads. 

Design (VED. Vhis design iy the same as that for 
the [VEG series except that the farer enables the 
Rance fo Mave with the guu both in avinvoib aiid in 
elevation (Figures 4 ta 4). Such a modification pto- 
vides the most direct salution of the problens of high- 
angle vision, for they ision devire iva straight-through 
prolecoscope sipsibur to thar used inthe M-3 medium 
tank. Phe bell of such a proterloscape cautd be con- 
sideably yreater than for the type in use, since it 
need not he condined pa small drum, 

The elevation for iis type of gan mounting Gin be 
increased ta +85 degrees without incrcasing the over 
all height of dhe tank. Yhe desige also allows the use 
ef low surface angles op the sides of the turret. 

Cettain disadvantages bowes er, are apparent. This 
type ol turret peguives more machin’ difficult 
shielding is 2-.y.iredt to protcet adjoining stiding 
stu faces bom shetitive, and more armor is needed in 
the areas of the votating portion which are vulner- 
able to shetifie threughout the cntire clevation of 
the gen, 


biter 7. Dsiernal view of micdel of invdibed VE me 
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LAND COMBAT VEHICLES 


Special Designs, Figutes 7 and 8 show a slightly 
diffrent arrangement al operator, motor, and guns. 
Use of this medite ation would depend oit a care(ul 
consideration of cubage, operator comfort, gun ap. 
Ve 

The wock-up of an assault unit is shows i Figure 
a ihist «shielded, heavecaliber snaan, for an 3l- 
or possibly a 105-nin gun, and would lave the major 
purpose of aasatiting cnemy strongbulds, such. ay 
pillboxes aud fixed fortibcations. In addition it 
would carry a gun crew and selected shock tronps 
to aid in holding positions taken, 

An antiaircraft unit, dlustated in Figure £0, is 
designed for defense agaiust lowdlying aireraft, With 
two cight- gin pom-pom ty pe mounts, it would direct 
heavy fire against hedge-hopping planes alempting 
to bomb or strafe troops, and would have sufficient 
speed and mobility to keep up with the advance 
ground forces.4 
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Pace We Motel of IVE anrtiaticiatt nit eqeipped with 
tee eight yun, purr pam type tearitre 
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Fivar Jf. Modest of cight-whrel tight wmbat vehice. 


is.13 


Baker Tank* 
Prochpure 

In the fevelopyrent of tight units to be included 
in the proposed “Purtle series, it appearcd that the 
progians could be most profitably warted by the de- 
sign for anew type ob combat schicle -a scl- propelled 
assault gun to fake a leading role against tank, anti- 
tank, and artillery gan emplacements. Tt would com. 
bine many of the best features of the fongrange 
Teconnaisance car and che (ank ueshoyer, represcnt- 
ing a transition in offensive weapons. 
Asoutliaed by NDRG, the first step in this project 
wits the selection fa gun which would be satisfac 


toryte th 


the Ordusice Department. Ouse the major 


ammanent was approved. design work could begin on 
the most chhcient Chasis ta cary it, the best method 
of applying traction, he best armor to protect it and 
Ute best tactical aids which could be taken from cua: 
tent aanored velocle models, developed: by other 
NORC projects d 


DAG projets ie Dewi up ior iat purpose 


reads undoes wav, or designed i 


how 

rn coment. Tnancdiate consideration was given to 
both high-velocity and hyperselocity guns which 
were cither available os undergoing final develop 
ment, together with specs projesdies developed 
for some: of Une. 


ye COE Ott 


Among the Jighveloaty guns suuied were the 
win 37mm guns used in the Maxson turret, the 47- 
wow gun Jor light tanks, the 730mm gas with an in- 
divascdi mussle velocity of 2,600 ips, the Bean gos 
for 25-ton tanks, the 90mm antiaircraft gun, and the 
Stitish 3-ineh gun. OF these, the 3-inch gun appeared 
to be the most usclul. It weighs only 2,650 pounds 
with it mount, in contrast te 5.000 for the 940m 
gun, and, with @ msuasle sclos ity Of 3,000 feet per sec- 
ond, will penet ate WOyplate stvel at 1,600 yards. This 
gare has a usetil desi nctive pange of 3,000 yards and 
a masini range of KOO yards; it cam fre 2,500 
downs al 2.4650 fox aed SO ag 100 fas, 

Consideration was likewise given to hy pervelocity 
gus, whidh were developed to uinimice erosion, 
patticalarly at the bicech end of the tube where © 
ted oces the life of the gun. and ta yive a higher 
maze vouity, a Matter projectile trajectory, a short 
er time in Hight and a higher penetration of armor, 
Ot all the bypervelociiy devices available or under 
des ciopmert>? the best for the purpose appeared 
to be che Probart gun. at the time being proved in 
Bngland, which develops aus velocities of 3.300 
to SOO fps: the fanacck Choke aud the Litdejohir 
Janacek conversion, which fi cor the suze of a 


standard gur 


Miadapt it te the seuical bare princi 
ple: and the modified Ket and Gerlich conicat bore 
guns whit were then Ladi stucied Ly other diva 
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Fete 12. Model of four wheel light conbet vehicle. with curret removed. 


sionsol NDRG.AC the same titae, attenCion was given 
ww the Arrowhead type projectiles being developed 
hy che British and the WG. S, Army, which develop a 
Wale Selocitvy of more tan £2081 (ps, and to detonn- 
able projectites under conyidcration hy the British 
and the U5, Navy. Mibough interest was constantly 
maintained in ail these types, none appiared to be 
suthciently developed or satisluctory for incorpera- 
tion im the proposed uew combat vchicle. 

Accordingly, the pictiminary designs were under- 
taken for a combat vehicie 10 carry the British Sinch 
BA ay HTS ajet ke araciT, 

Chassis. Ava resuit of improasementy in as mor-pici- 


Piet OS Fete of suepension faved stew in mods} af 
Ja. wheeE ligt) Combai vebice 


ing Weapons, it wered desirabic wo design the new 
vehicle asa lightly armored but highly mobile tank 
which would offer relatively fitte protection against 


Pict BL ntenies fasout of model ef Four wheel shi 
setorlad actiele. 
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tee oe 


Pere ween ae 


ditect artillery fne but which wold be cxceedingls 
difpeult to hit, Po provide this mobili aver any 
kind of terrain and io reduce maintenance require- 
menus, it was decided to use wheels fastead of tracks. 
with all wheels diiven. ancl ta make provisions tor 
air transport £ 
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Eady in the program, an fiavestigation was cone 
ducted an the powibifities of incotparating same 
Means ie ehahte the schiele ta negetiate ditches, 
far obsiacies bY pAMp 


Menehes, fow Gerces, atid x 


+ Phils Ivewigacan was comieted by the Baker Manat 
wy Oa. Evan dle. Was. nader OSRE combat CHEM 921 
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ing over them. It was determined’ that the vehide 
could be made to junip by a sudden dawnward | 
ot the running gear, and that the height and length 
of the jamp would be determincd by the length of the 
running gear downstroke, the magnitude of the 
downward force and the forward velocity of the 
vehicle at the time of the jump. ‘The apparatus re- 
quired for such aw performance would consist: of 
hydraulic or pneumatic cvlinders, together with ap- 
propriate valves, an accuuulator, and a pump driven 
from an cngine. A rough plan was accordingly de- 
selaped lor a mectanian to incor porate these 1 its, 


CYLIMDRA 
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we 1G. Jumping cvele: (1) chasain squats, (2) chads accelerated upward, (9) wheels accelerated upward. (4) vehicle 
ir, (4) chassis dec ltsated upward, ated (6) chasis rites ty nusmal road deatanse. 


a jumping tectique was outlined, and a test unit 
was constructed for testing and analysis. 

Jn considering the possibilities of a jumping vehi- 
cle and also in reviewing existing wheeled vehicle 
designs, it was concluded that both the permissible 
cavel of the spring suspension and the vehicle width 
should he as large as possible. ‘The general design of 
the chassis therctore included: maximum suspension 
travel in order to inercase the resistance to shocks, 
iududing gun rocoil reaction, to permit jumping, 
aud to permit setting the bottom of the vehicke on the 
gronad quickly ta reduce recoil reaction movement 
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Pigtee 17. Phegiain of propised hydraulic putnping sy ater. 
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and to lower the sifhowette. The width was made 
as great as possible to juprove absorption ot gun re- 
coil, to permit larger suspension, and to make possi- 
Ide the use of a lower spring tare, giving a better ride 
for a given side roll in turning. 

Considerable improvement in traction was ex- 
pected by connecting an catra hydraulic system into 
the conventional hydraulic brake control in order to 
give automatic balancing of the drive difterential. 

An investigation was also conducted on methods 
of minimizing the effects of gun recoil, Gyroscapic 
devices were studied ay possible anti-recoil systems 
but discarded because of Uicir undue sie and com- 
plicated mechanisms. Ao system wansmitting the 
torque through the wheeb was considered prefera- 
ble, with the transmission accomplished most con- 
seaiently by means of a hydraulic cylinder, and a 
workable design was investigated. 

Development studics and recomnicndations on 
otha devices and improvements, induding those 
concemed with teduction of tank noise, improve: 
ment of vision, gun mounts, communications, fre 
control, detec tion, navigation, camoullage, and vari- 
ous attack aids were conducted in cooperation with 
those Office of Sciewtific Research and Development 
and NDRC divisions concerned. 
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Figure 11 shows a muck-ys of uke + opesed cight- 
wheel vchide. wilh @ wheel base uf 180 inches and a 
width of 121 inches. Hs total weight, induding two 
cugines and a 3-inch or similar gun, is estimated to 
be few than 20,000 pounds, Figure 12 shows tie 


Fetus 20. Faperimental wbect unit in normal position. 


chassis of a tow -wheeled version to carry a smaller 
gun of about 40-nun caliber, with a wheel base of 137 
inches, a width of $21 inches, and an estimated weight 
of fess than 10,000 pounds.!7 

Both echidies include all-wheel, biake-balanced 
drise, and the new type of independent, all-ewher] 
suspension. Figure 13 shows one wheel in its highest 
position and one wheel in its lowest to itustrate the 
extent of the suspension iayel. The interior layout is 
indicated in Figure 11, with tacilities pov matting the 
driver to steer in cathe: direction fron the same steer 
ing wheel. 

Air Transport, Figure 15 shows the icatures of a 
heme for wansporting the vehicle by air in such a 
way that it can be quickly uoloaded by veleasit.g on 
touching or approaching the jround, [tis believed 
that two 700-horsepower motors, a wing span of 14 
feet, and au over-alJ length of 65.5 feet would be re- 
quired, Maximum speed would be 145 mph, cruising 
speed 130 mph, and landing speed 50 mpl. “This plan 
would not be adapted for long-haul or high-specd air 
travel because of the low landing speed required and 
the large acrodynamic diay of the expused vehicle. 

Jumping System. ‘Theoretical studies and prelimi- 
nary tests on a device which would enable the vehide 
to jump aver obstacles led to the design of hydraulic 


Fownay 2). Pepermensal wheel unit. chase taiect. 
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equipment which would operate in a sixcstep jump: 
ing cycle (Figure 16):4 

§. Avelatively slow squatiine of the chassis 0 the 
Minds road Ucatance penmitted by the tes ram. 

%. Atapid upward acceler): 9 af the chitssis with 
respect ta the wheels by means of hydraulic cylinders, 

4. rapid acceleration of the wheel up to the 
velocity of the chassis, accomplished by a Quoting 
butler at the end af the hydraulic cylinder. 

4. A fight through the air during which the vebide 
would hurtle the obsiacle. 

& An upward deceleration of the chassis, during 
which the kinetic energy of vertical welority of the 
chansis would be absorbed. 

6. A relatively slow raising of the chassis up to 
normal road clearance, 

During step 4, the wheels eoutd be raised and the 
net height of the jump wonld be increased, but the 


Lan 23. Merty ge round setup for expestiental wheet 


added operations of raising and then fowering dhe 
wheels would require the use ol twice the oil ex: 
pended in step 3 and worth necewiliee more cou 
plicated appar ars 

Te (he proposed pumping ystencacshown in Fagure 
$7. the chergy for jumping is supplict to an ail pamp 
and is stered by conrpressed ait in power acum: 
fatocs from which it is wansmitted hydraaltcally to 
the jumping cylinders.4 Tn order to investigate the 
aca} eperation of such a system, a fublacade wheol 
aoit with drive, suspension, and adjacent frame ment 
bers was cansiracted as shown in Figure 18, with die 
hydraulic cvlinder used for jnaping aud for alwoth 
ing shocks, as shown ie Figure 19. Olt enters the 
iylinder on the top trumninn axix, making a right 
angled turn just at the cylinder eniranat. Gib leeving 
the lower side of the cylinder Hows through the an- 
mulay space surrounding the cylinder and our along 
the trunnion axis, Phe suspension and cushions are 
provided hydraulically by means of piston extensions 
which restrict the flow of exit off near ie ends of the 
siroke, 

Figure 20 shows the experimental uait, Figure at 
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Focems 85. Sequence of views showing experimental wheel unit during jumping (left to right). 


iMustrates ihe highest suspension position, and Fig: 
ure 22 shows (he lowest position, 

This unis was then mounted on a dange radiue aim 
to penit merry-go-round tosing, aa shown in Biguie 
28. Dhe teste showed that the basis of the design is 
fundawentally sound, In one jump, as illustrated 
iguie 24, the wheel cleaved a height slightly mare 
than 49 inches; tur a svebic with a IS7-inch wheel 
base traveling ald mph, this height coreypoands ta 
a jumping distance of $7 lect. 

A wrics of moving pictine views af the suapermion 
during jumping is shots iu Figure 25.17 

Anti Recoil system, he equipment required (or 
a possible hydraulic anti tecoil system for ie Hartke 
is Hustrated in Figure 26.1 Che source of presatere is 
connected to both ends of cach oviinder uhreugh 
valves censitive to serdcal accelerations. The valves 
connected to th tower cody of the oslinders adanit 
pressure propertic te acceleration mito the lowe 
halves of them whe ihe valves ait accelerated down: 
ward. Au upward force is thereby produced similar 
to that which would be cxcrted by an added inas 
Phe action of the valscs connected to the upper ends 
during upward acceleration is similar. Fixed orilices 
are located beawecn the ac elcration controlled valves 
and the cvliuders. Dh oc orifees add te the pressure 
inthe end of esche tinder drom whick off is being 


forced out and subtract from the pressing in the cmd 
into which oi! is being admitted, producing a force 
which is a function of the relative velocity between 
the chawia and the heels, 

One possible type of acccloration-congolled valve 
Ww shown in Figuie 27. When the pressure in the inlet 
pape is too dow, the plunger is pushed to the lett, 
dither ingeadng the opening of aw orice fom che 
source of presure ov dcaeasing the opening of an 
oriser deading te the samp, hereby ineveasing the 
preare indie inlet pipe. When the pressure is Woo 
that the movement 


high, the scton wena exec} 
Takes place in the oppovite direction. Fhus che pres 
sure in the inlet pipe is maintained approximately 
proportional to the accelaation, When downward 
atceletations occu. the inass opens wide the ourder 
valve of chamber Gand the pressure in C falls, caus: 
ing the she between the inlet pipe and the suinp 
to open completely. 

During recoil, the acchtation controlled valve 
(at operate without a source of pressure andl vets as 
an added qa, while d ning the continued waking 
in the sane direction alter recoil, the valve Gamat 
operate and the dded may disappa acy 

% ceive such as the ouc in Figure 28 is pequaed at 
Pbisis similar to the one 
except that the ail towing tte chenmber 


cach ond of cach avhiader 
i Bigure 27 
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© comes from a space beuween the throttling valve 
wdia popoll vahe. Phe pop-oll salve inmaintains an 
approxunatcly constant pressure while oil is flowing 
dirough it. 

Misecllansous. Many of the devices and develop- 
ments studied by various divisions ol NDRG are be- 
fies ed to be imore or les applicable tot hese and other 
Athices, Siidies on the reduction of tank neise, con 
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trifugal sel-eleaning ai Cleancts, gun mounts, view: 
ing devices, protec toscapes, gunner's seats, bouncing 
characteristics, and control of fog, vicet, and rain ate 
reported clewhee in tbis volume. ‘The reports on 
ordnance Diprovements, fae conuol, automatic feed, 
improved armor, tak rockets, special bydtautic 
fluids, Hame Unowers, special co 
tems, mine dete: tors, odographs, and the use of radar, 
infiared, and uluaviolet devices on uanks—all orig: 
inally contemplated for the vehicles described above 
—are included in the suminaty reports of other dive 
sions. 
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CONCLUMONS 


‘Vo a hage extent the directive fer this project was 
not fulfilled, fur no complete pilot model was con 
structed and subjected to test. Nevertheless, dhe de- 
sign and the principles developed for combar vehicles 
ave believed to be noteworthy and warrant investiga: 
tion on full-scale models in ficld vials, 


192 DEMOLITION VEHICLE‘ 


Tn the autuinn of 1941, Division 12 of NORC gave 
some consideration to the deselopient at wabaiques, 
devices, and a necessary vehicle to be used in the 
demalition of cneny public wulity facilaies. Te was 
suggested that this capeipment anight: be used by 
highly ained specialists ta destroy suc services ds 
power, light, heat, telephone, telegraph, radio, water, 
ad sewage dispoval systciis in enemy citis. 

Phis prograiy way formally requested by ihe UL Ss. 


Aran dy sete MD vchde a directive trout Uae 


Executive Olbcer, Corps of Eugineers. requesting 
recommendations of techniques and equiprient to 
prevent enemy operation of such services 4s power, 
water, and communications. At tube same time, the re 
quest called for the development of restoration tech: 
niques which could: be applied by troops upon 
Occupying Cnenis feRriLory, 

Mitci prelimingas plans had been outined, the 
project Was tonminated by requeyt of NDRC on the 
grounds that any techniques or devices developed ip 
this vids inight impenl public arifits faahines in 


thi counn. and inereise the dangers of sabotage. 
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Summary 


NOONE development progsaue under taben at 
A the request ot the U.S. Aimy Ordnance Depart 
wneuin Apel bl resulted in the design of new gun 
AMO, HiewnI devices. protee toscapes, and: oufier 
fark components, sg conte idagil air 
cleaner Jor use on tarks aud ather motor vebicles. 
Noue ot these iteimy was pat into production, 


Le witclea 


The Preblem 


Bathe reports drow kuvape and Atviva betas the 
United Staves cutcted: Workdt War SP indicated chat 
America Gags suflered trom suck defects as poor 
sisibility, vadnerability to mmadb arms fire by lead 
splash, poor functional: posture tas the panier. and 
restricted clevation of gun mounts, 

Atthe request of the ©.5. Auny Ordiianee Depunt 
meat aud (he National Detesie Researctt Conmmittce 
INDRC} an urgent development progeantd was wn 
dertakeu in April HHH to obtain new gun moni, 
ul othes tank sans 


viewing devices, proturtoxcapes 
ponents The progi as was co be aditected prints ily 
toward devices to be sed on the exponmental 1-7 
light tank, but alsa concerted dhe Mot median cack + 

Soon after the ditaducdion ob motor sehicks to 
desert warfare, a drat increase in faite reports 
iiaeked tie urged uced ter 2 wt clownsiyg shevice to 
tlean the ais intakes of tauk and aiik cigite. Phe 
oil-bhier (pe of cleaner had Lor proved satiataccary, 


requiring a Cherough cleaning jive lf after a few hours 
ob exposme to desert dust, Danks, macks, aud even 
aireralt caposed to this atmosphere were failing ia 
sucht miubers tat the Altied descr wulingy cain 
Wai wt gravch ailccted, $0 ata mug Was Ute ania 
Gow thatone abitany obssser urged the Chieti of 
Atay Orciance and Disision Boab NDREL Desig 
a proper air Gleaner, and then design «tank around 
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ez Gun Mounts 


VW andes to inetease protcciion Jor tanks agaiust 
rad) attack. new gun mounts were veqivedd fot 
the nasets of tilt and medium ranks. $9 dhe specif. 
tationsset up and approved hy represensatives ob the 
Glos. Any Ordvance Deparpment, these aidunts 
should make it posible to cover elevations ay to 80 
wm OG degrees. Phe should by nsechanicalhy shnple, 
cass tontachine, statically balanced. and inter range: 
able withothe mounts, Phey wast bave a miaiiam 
at exposed suilaces, ne pockets an re-cntrant angles, 
acminimuo spaner dap of 2 ache. and means to 
Gach spatter that does get raugh, detiectary in tine 
of probable due, amd sutheicout Gearaiec to void 


sticking of the retor, 


COSHINATION Higieasurs Alou 4np 
PRoLeCfoscopr 


Phe original request initieting work on tank prob 
tomy involved redesigning a combination 37am, 
AG-GUiDer gan Mount to penniit greater xute clove 
Jion (apie RO or Ki degicrs). as wi das relocating and 


Tesigning dhe awocwted prot dosape Phe new 


Troe So Mock up of bixh angio mosis with gee dali 
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design was originaily intended for the Met wedinn 
tank, Pat beter was comidered forthe P-7 Gighe tank 
He, 
Fipure i shows the feaiiiics of 

waltof the Rent phate around the giery opening is 
built up with Hanges te ail in protesting the rotor 
frou side fire and feud splash. Ag full gun elevation, 
two skiclds, aashowe in bigute 2, attached to the gan 
foto paotce! the rotor by ovadapping the Hanged 
side waif. Che shictd is divided into two party, a 
tscd part attached directly ta Re guar rotor and 2 
movehle part higged! to the fixed part. At Sow eleva 
tions thts Lingedd shield Gems ourwarddy ana fixed 


Fiver ST Mik ye ot ineatihed hate vighe meu witl 
stage hryestaluieds 


HPe teste sence ct are h pepe eg com alate read 


tetect 


carNPhe 


weuber to present iuerference with the hurret shell 
and basket. 

With thin design, the ganas can fire at an angle of 
Kh clagreos 

fa order to provide benter provecdion to the sotor, 
ex pockets, the struanre 


smoother contouy, aad te 
was changed and a redesigned recoil sectiauism was 
placed completely inside the sator (Figure 3). dn unis 
plan, the rotor diameter is inveased and the hinged 
shiekls rophiced by a single faced shied. This desigay 
Kies good protection ouly at the most canamanly 
used’ Iniug clevations. 

The redesigned provccdoscope is described below, 


Comaina rion LoOw-ANGue Moun r ann 
PRODELION OFF 

hi designing the high-angle yun mons, it was 
found quire dithealt to obtain satisfacvery protection 
for the gua rotor oscs the wide range of gun eleva- 
ma, anda low-angtr monnt was developed to give 
elevations between ~ Hind 425 degrees, Chis mode) 
(Figures fand 5) provides complete protection of the 
rotor frani machine jun kre by the use of a shield 
fixeuite the reter, bo ones thar the sbieht aay clear 
the turret shell and basket, the rotor diameter is 
increabedt cam the front plate is canpictely rede: 
signed. “The new recoil mechanism, completely 
housed within Che rotor, is incorporated, 

Adrqnate vision is made possible by means of 3 
pratcclocope with « tatatabie rpper talon A nviy. 


Vin satan and inion wagazine ae connected to the 
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to the rotor, 
the structure 
‘chuanisin was 
we 4). In this 
d die hinged 
. Vhis design 
commonly 


ribed below, 


cant, it was 
ry protection 
of gun eleva: 
laped to give 
«. his model 
tection of the 
i¢ of a shield 
chiinay clear 
diameter is 
pletely rede- 
» completely 
ah. 
y means of a 
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nected 1 the 


angle mien: 
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gunrotor by means of links. a shaft, aud a tain of 
gears, and move in proper angular relation to the 
gun. Without moving his head, the operator can ain 
the gun through special sighting telescope ins con- 
jiscion with the proteetascape at any cievation 
within ity iange. Upper minors ate replaceadic 
through a slot from a magazine (oe the deso iption 
of M-f provuctoscope below). TP tbe mirror roter or 
migarine should be damaged, a spate indirect vision 
device can be slipped into place. The ganner is pre- 
tected from lead spatter by Lap joints. spatlcr (raps, 
anal safety glass. 


Rear Tvarer Macutnt Grex Mount anp 
PROILCIOM OFE 


Tes sedition o Combination mowiits, A reaguest 


was also male lor a mounttovany a single 30 caliber 
machine goa and protec toscope in the rear ob the 1-7 
light tank tauet. Since the gun wits to provide pro- 


tag 


aft a high elesation range was 
specitind, 

The mount ay designed to rcet these requirenicats 
consists of a tvarward pointing, $0-caliber machine 
gun capabie of pivoting on both axcy and with an 
elevation range of -- 1010 485 degsces (Figuies 6 and 
7). The companion proatectos ope iy mounted on the 
RUN trannion and moses with wo S speciat came ar 
langement benween the upper and Jawer nsirrors 
gives Them diffacnt angular movements which per- 
mit the gunue to sight through the cotire elev arion 
range with a minimum of head movement. Ainanuth 
Thnited ta 50 degrees by the width of the 


siphsing 
mizrars. 


Fete & Outube ew of mall of rear turret machine 
Ke Hed 


Miuianae Macune Gee Mov 


7 

At the request of the Ordnance Deperincnt, a 
study was abe started on the design of a multiple 
S0caliber machine gun mount with an elevation 
Tange of -- 10 ta 485 degrees for the MEP medina 
tank, Layout and design drawings were completed 
bat construction of «model stepped upon abandan 
ment of the project by the Nims, 


113° Panoramic Observation Devices 


A need was expressed by Ordnance Deparincut 
represciitatives lor devices which would make possi: 
hile 360-deg ce vision fat panoramic observation fron 
tank arrets. Three diferent designs were prepared. 


Tater Vision Divick 


Dhis samplest solution for application fo the U7 


fight ank tact provides a ciantk. sh chive, and 


SplOK Lets bey patate screws whuchi HH Gul raise o¢ 
lower the tinaer cover (see Figuites 6 and 7). When the 
cover is taised, the pumner ci nitky his olsenuions 


through + $60-depgree dot 


PTEXAGON AL. LOW-ANGIE VIEWER 


Aamore complex and safer dey tee was designed tos 
use on cither the d-7 dight cauk on the Mot median 
fank tue (Figuee &) The main rubber dined beds 


Putney 


2 damade wich of tocebed of tear tuseet machen 
gun Mend 
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bas sty viots placed) 60 degrees apatt om the planc 
virw. fo each stot ist rephicedile nid periscape con: 
situng of an upper wintes und a fawer sheet metal 


Phe porscapes sue repliscabte from the ja 


server att sce the fat hele iv alt divections by simpiy 
turning bis head Ele iy protusced dion lead splatter 
Dy special “hackers” aad walery gla. bhe device hay 
avery low sihouene above the taarer rook and is 
desigoed tor buble t delfvetion. 


Anpestamy Pfu Asati Var wen 


AS tiaihe improvsaent on the taw-anpiy device 
was designed co cosble thy obscuvey ta vary tris forte 
ab vision icles Gian dros - 10 to +76 degices (Pig, 
wre 9). Here the upper mistary are canroperated ta 


2 swale nab canaries 


sive Mie les aay te OF 
wresiwiia no shose of the fowangle sicwen. 


144 


Protectoscope 


The offyinal specihedtions far a new tank Giver 
Pealectascapes ds set up aid appraved by represen Ge 
tives al the BLS. Aany Ordnance Depariment and 
NDRG, called tera wml shuple, wete aagle view: 
tng device which would pave the aperator muximun 
protection while using ior while replacing any of 
1S Xposed pias which might be daymagid by gv 
fate. 

fis Hosivautal feted of vision sheutel tar 2% deproes 
cet cae sid of peuter ow a total of 8 degeces, its ver 
tical betd EP degsees. and it shold be able to cover 
setrelesation at — 15 to 4 80 degrees oF at feast ic the 
Souits ol the gun clowiion Where powible, plane 
waiters sbautd be wad. 

fu adiiition, the now proiss mscope must cuutain a 
sighting telescope on one side and provide tniasis 
fa coordina with the yan. Provisions muni be 
taade for oniiting tr aperaton to steady hiv head 


UPPER MERRIE 


Fitee MeN aginal low stale Vem 


while sighting, te keep bis eve it texed distance tac 
the tele ope. aud, if ponible, to get cinergency visio 
in case the ppticad system Jail. Shere mast be a mini- 
saan of expowd surface, with no psoy inp pass of be 
optic t system in ling of fire, a aminimam spaner lap 
at 2 inches and meaus to cad spatter Tad does get 
through, and sathcient clearer to avoid sticking 
when pitted. The ditnesions Gated lor a miniwant 
diameter al 22 inches, prelerahly 4. and an overall 
wape widsh of 8 inches. Ho posible the protctom ope 
shauld be interchangeable in all moun, 
Ewentially, the requirements demanded an ex: 
~oupled periscope with the smallest 


secdingh cos 
the 
opestar to yephce any of these exposed patts with: 


eur caposing hinyelt 2a enemy fee. 
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M-f Prowrerosort 


The device as deseloped oviginally for the Med 
medium tank and tater for the 1-7 fighs wank is de- 
signed ay a periscope using a rotatable ypper visor 
(Figtay 10). Phis mirror is counted by years, titks, 
asic shatts (Figure 11) to the gan peter and tarie in 
such relation to the gun that dhe grurer aly 249 secs 
the held at which the pun is aimed. 

Hthe maror is shot away, 2 is replaced with anew 
one taken from aominzer box and dipped inte phic 
Dy micas of @ nagasineg feed GFigare 82). Ube maga: 
vie ielf is mioated on the isd rer soten and feeds 
new untiors through a protected slot in the ratory, 
One stroke af the fandie moves the mk ror halfway 
aut, where a sinait stop drops in behind aud holds 
the mirror, A ecard stroke of the Hondle then moves 
Une anirroy she rest of the way out aad inte grooves ist 
the witin wotur {Figure 13). Aber the miner has been 
ejected fom the magasine, a tht sprig pushes a new 
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bret 10) Reatable une A phalertenespe, 
Mina inte penidion i the magazine, ready to be fed 
Cho ough ihe stot. 

SN headrest is provided so that the operator can 
steady his head ata dived distance while sighting. 

Aomodel of this device was consarcted of cast 
armor stecl and tested againat 30<aliber Voy rifle 
and 50caliber machine gun fie. Phe protectoxope 
satistactoriy sustained hits from both ball wpe asc 
ayuorpicrang bullets except when hey strack lt 
recdly on the small rotors careving the wiiisay atte 
mirror magazine. Vie magasyine pring iply of samtar 
ejertion. however, proved successfal, No fead splash 
penetrated to the aperitor’s position, 


Ite Machine Gun Accessories 

In order to improve the tring of the OO Gdiber 
Browning wiachine gan mnanafactured by Calv for 
the Mofanediui raak, a study wis conducted of an 
ted assist-fecd ro htt belin ob cart 


electricals 4 
Ndges trom the rounds containe? and deliver cheny 
to the gui ay hatas needed) St the peqgitiess of repte 
sentatives of the Ordnante BDeparguent. che clevicc 
was to fi the stantiard Browsing guy withonet te equi 
ing changes in the puny proper 

Mob SU Capra Abas: GUS Assis babe 


ihe asiclecd a shown i Figures PE and Us con 
Gains ase peveet outce a EPO valle ataloyg sator, 


powordidll pe, working cbtoupl a torsion spray 
which divesa sprocket Phos aperocker pulls the ied 
though roth which gave ina quartcr mnie te fine ap 
the earidges trom the rounds coming: wath the 
gun ais, Fach carnidge is pusto at tap against a step 
Qadtiate the Coser ad the mechanism, from which 


Sieve DE) Dasa clea et protec dam ape 


it boreleaed by the ans gs fron the tecail at tay gua. 
The energs in the torsion spring is great enough to 
snap the belt ap, forcing (he nexccaitinge in the bell 
against Uae stop. Phe spt ing is te-tousioned caci thine 
be the motor. ‘Phe ietor sy och eperates simuliane: 
ously with the gan tigger, 

Ta feld testes under Ordinance Deparanent observa: 
tion, the device portotnicd satistictorily, wii rie gan 
firing heey in its noma manne and the assist food 
Waralling belts of 20 (0 50 cartridges, even with adh 
tional weights of 24 to 30 pounds bang on the belt. 


fet Turret Seat 

Phe desclopaicnt ofa tine cionad seat wasvequa cil 
for the gunner ty the 27 tight Cink varied, with de 
Yin fearuises permitting bre tecuse atl dhe guns ad 
obsctuscion devices with the gieatest case and com 
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Bacuas $3. Magacdae food for pistes toscope mitoors, wei 
ailitas Deiegg stick inter place. 


V7 Lemmas r Sear 
These requircmenny were ict ly a sear caibbiag 
Jhe yanuer to shift ta ans ane al dace pein ig, 


. Boe oe Bg wes hy Seah ay 
Rae. ata, GG IT 


beighs, «ake sorwarg 
complete ride (Bigute Thy. bho three operating 
beights are usarked by tirce stags, one for usisgg she 
SoO-dopece vision device inthe (anet roof, assorbes 
lox sighting (he 37a gan aed couteating the na- 
ret, and a (hind dor using the rear machisse gas. 
When the operat wivhes to nai the seat, he saps 
ports Hbimeclé au kis tect and tripe the handle: a 
stlong spring Tifts the swat, und a syringdnipelled 


Frere (h Machane yuan eeasat fered cover ats 


Jah dieps info place, locking it i posion. Wher 
he wishes to dower the seat, be rojeases the hitch and 
hin own weight overcomes the spring, lorcing the 
seat dows wadl the spring-backed datch slips inate 
the net stot, lodding it in position. 

Dhe wat can be moved tot ward and back on slides 
with Mops at cach od and a locking deser w held 
any desired position, 11 is capable of full oration and 
adjuvrable for height in piane stead avte ay syeans 
ofa ventotl screw, 


waa Turret Mock-ups 


Dhe development of the aor mounts. protec: 
soopes, and viewing devices lor the) -7 aud M-f tanks 
wade i necessary ta tnodily che goncral turret design 
Tae commadate Hoar do ito. Markaaps far the 8-7 
fared licorperating mote slaping lines for the sides, 
wad des the ALA vee wore repack 


Centrifugal Air Cleaner 


Soon abhor the introduction of motor vchiches ta 
dever Cwathire ie 181, a need became apparent for 
aw Hiateaning device to dean tie air intakes of enk 
and tack engines. Phe watic or ailfilter np) of 
leaner had net proved satisfactory, feyuiting a thor 
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bie ee ne 


Madel of tuned scat with lite stops lor 
ope raniys fernghes 


ough oniing self alter a few Reurs of exposuiy to 
desert dint, and ne satitable alter mate ipe was avail: 
able. 


aim GUTLEP 


Bieter de; Gan 


Au investigation was thetelore requesced by Amy 
Ordnance fer the development of a wit deaning 
contifagal air deanc ta be used an sach a veohicke 
as an M-3 mediwn tank and to meet the following 
thie! specifications: 


a7Oche 
OG 2 Mp 


1. Volume of ab Bow a0 2.000 pp 

2. Speed panges 

S. Maximum particle diameter to be passed 
bs the filter 

4. Maximum spate to he accuphel 

5. Manian weight 

@ Device tu be self-cleaning 


Bvicveone 
3.00) 149 in. 
30-i6u tb 


Phe two standard types of rotors used in centrilu- 
gal separators are the tbular-type rotor and the 
disk-type rotor, the lauier containing stratifying disks 
arranged in 4 stack of cones. After considering the 
dimensions allowable for the device, the size of the 
ducts necessary to carry safficient air How, and the 
position of the device in Ute Gath, it was decided to 
inake the rotor uf the disk type, having a stack of 
he outside at the 
disks inward. Impeller blades were putin the inlet 
section of the centrifage to brig the iteoniaig ai 
up to rotational speed belove eateruyg the periphery 
of the rotor. 

The frst medel sonvtracted, kuewn as the 15, 
was difficult to daytall in the MoS tank, which was de- 
signed to accoummedite a poit of static typo fitters. 
According!s. the E38 contifugal ai cleaner wits de. 


cone as siiees wirk ob Maetyns } 
: Syter 


seliea ob cenlidagal at tater 


CUINEPDEN TIMI 


ate LAND VEHICLE 


Magned. as a amtaler duil Wb se spcits of AN ct 
and wast gator sperd sd RAM spor, able to 
handle fold fe ain reqaieed by tle Wright S75b02 
ering inthe tauk. Phrey neocdels were berdt 

Lats the BS y ded the ae 
tallal “impirger method” ta deteny 
acpaniting abiliny af the eater. Sinathar tests were 


re the dat: 


made at ths ait deanes cot Libariger’ of de Abet- 
deen Prosi Groupd oi Vberdeent, Mars daud. No 


held tests were pertoetmned.” 
Phe coustiucdon ob ute £3 cleaner is xtrown in 


Piygine 17. the spect uietis tte ay fatto y, 


MR chitt 


L. Lapeatis 

1. Drametes of intake Tus, 
S Pranarter ef disks 7 tin. 

3B. Namaber cal dlivks 4? 

A. Dah eps ing. Win. 

G Used Wark sip bam, 

J. Rawle of inks oki 

§, Maearnigar o, wit of toten AMR) bp ssih 
4. WEN 


. Wetyht (eith anetet) 


The stationary partved the dearer wae bian/e cast 
ings, the totor castings ate dhaninan bay, the disks 
abe ypint al steed, and the sinait ty stect mouaied 15 
SRE bean ings. 

“Phe aitpinger teste indicated thatthe 13 reamses 
88.56 por septal she dust particle aad 900+ per 
sito sie dot weight. Pacclen ateabads showed unat 
of the ainall peccrotage about £3 percent of pan 
Tick net remeed, aboee psc contre more thar 
inictons in digine ter, 

Vhe costs at Ab ruven. coaade with aor excpedinghs 
fesse atGlniad dhist express designed tot 2 fhe ies 
teats, vbowed Ghat 87 Fpo encod the dust ly weight 
is removed when the engine is idling, 05-0 at half wa 
CEB pray, ancl OM te at fall aay (2.200 ¢ pach 

“Ehow dyaires show the L 3 clewaser ter de snipca tess 
te the ata type feations ac engine idling spo Jaws 
site ivist at half ais How, whieh is che mal cogme re 
asaiortncnt, and stilt tow efhoteuc at hall air How. bay 
wie TR yhows the alate performance of the 1.4 
tieamus aml an oilbath waa cleaner aia weight 
peleentage bari. 

An abcatage ab the 2 acl-cleustisg cc ous sugal 
diy sleaues ove static tope filters by ite tanstanes 
sf pressure chop Ste gresieot singde arbvantage be tty 
reHaive fteerdom hoa wasisry, roqaitoictds fhe 
TP Pawianaticads cjcc ts the dat se pacced trom Cie 
au Whereas the statin py aust fe thers spncr, 
thaatd, iteshh otha. amd team wsbled esc das 
for apuriure seve Howsscb dae BS wall notes 


COMPORER TSN 


Hada vitheienth high parseutage of sory senadl par- 
Firdes Gee thar 3 micronss, and accordingly 1 use 
® Rat secoutmesttfed far shoe chun 


Conclusions 


No itcis deseloped in thin project were part inte 
proshic tion. 
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Susamary 


Dreuoperation with other dis bom of NURG, Dive 
sing T2 recommended sas dhe DU KW be equipped 
to caney pocket hau tiny: devices and wed to suppls 
sdilitional fire power for aniphibious assaults. Che 
Scat pion fenagter designed ia Uhis tescatah war in 
fin porated in several PRK AWS whieh wore sent te the 
Southwoat Pacify, white ather uniss were Hispat hed 
aa the Eoropeas Eheater ot Operations, tn the Pacific 
Ohean Avcas, after a token pebcarsal at Milne Bay in 
November Dh the rocketean ying DURWs were 
ued Sa the awl on Arawe, Cape Glaucestcn, Sai 
dog. ainb vthoy iMaud objectives, inaugurating the 
thet beach barrage twechniger, 


« Hagen “Sanpsen” 


! 


‘ 
L_) SED CLF abated 


LTCIENCY “my ay WEOHT 


{ 
| 
<eene 


we 00 M8 


ee ade oad 


erat 1k Cadapat nid petorinance of centivugat ast 
cK anes aad atazis fibser aay ok anet 


CNEERENEEAL 


PNR ne AA meen, 


7 


we ROUND VEQEICEE 


sygitcd co a sinaller unit witha Gaptciny of Sat cf 
ang asian rotor spec ot BAK) spat alihe te 
hand nal the ay quired by the Waight S75b02 
engine da the tak. Thies nsexcdels were bude 
Sat : 

tabled “bypinger uethed" to determine the dts 
wepamating ability of the leaner Sinilar tests wire 
made at Ure ab cleauer tev taboracurs of the Aber 
deen Proving Ground at Sbetdeen, Masta, No 


retreats am tle bX 


fiedel ats were perform? 
Phe convaucioen ob the ES chesun os showe in 


bigsie OF. Cle qrecifie coms sine as ditlaws, 
© Capaaety SwWetar 
2. Duan ef mtabe 
4 Diganeter ot dishs 
4 
5S 


» Susntes sof dibs 
5. Disk xpacing 
fe Veh atack up oan, 
7 Angle of stighs an 
WL Mawsiinia oe: fof oti Aa pMD 
. Wroydst («th matin) Yilb 


Phe stationary pants of the cleaner ae bronze cast 
igs, the totor Gastiays are alsumitecin abloy, the disks 
ae spins ot steed, and the staat is sev mounted in 
SKE bearings. 

“Whe iipiager testy dadicatod chat the (3 remaves 
SRG per cont of shy dust partictes aud WEG 4 por 
aane of he dst weight. Fuser analysis showed Uiat 
of thw omiall parcensage about 3 pa cent of pan 
Levnot praosed, abouts por ceatare more dha 5 
Wicdomw in diameter, 

Whe tesuaa Mb rdeca, made with aa exrcedinghs 
Ime anificial dust exprtests bose for cfiiekaies 
labs, showed phat $74 per centof the dase by weit 
isrenved when the ongine is idling, 63.9 a0 fall ar 
(eK ipetey, aed OG ae bt ane (2 ZO pay 

Dhae fans show te 1 3 Ghaact to be sapes tor 
to Ube static ype sdeanets aC eniging idfieag spe ud, lows 
affhe dei ac halt ait Mow, which isthe asuad cngine te 
duieemnens, atvebotill less ethcientat fab air haw. big 
mr SH slows she selatise pesfonissnee ab the bo % 
seam and an oil bath sare deaner ona woigte 


prreentage basa. 
faye of the idee Pefeaniog cent itugai 


An at 
dir cadens Over state type diltery is ats Gaustanes 
of presure drop. gts geeatove smgte advantage tN tS 
telawive Greedow from wavicinsy roquivene nis bh 
PS avurnatica tly ejects the deat ve pousatedl thoa the 
Ai, where ihe stati types sec br taken apart. 
Gtaael, treshts piled. and row abe vices dss 
far Optiaun wavice Fowevor tin £3 wilh notes 


CAMPONEN TSN 


Tract a sufhcicmiy bygh percentage of very sinall pare 
Hides (ew than 3 microns), and accordingly its use 
ss Od SecssseTed Jer ths duly. 


wee Conclusions 


No items develened in this project wore pat into 
produc tian, 
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Sumvnary 


In cooperation with other divainsof NOKG, Dive 
sien 12 recommended hac the DUKW be equipped 
tomo vot kerharching desices and psd te ouppaly 
addigaudl bre power far amphibious assaulis. “fhe 
Scorpion Launcher designed in dbis tescarch was i 
eorporated ia several DUR Ws which were sent ta the 
Soult Parife, while other unity were dapat hed 
to the Eatopean bheatey of GQperations, in the Pacific 
Chean Aveas, after «token rebearyal at Milas Bay in 
November F4, che pockercartving DATKWs woe 
used ss the asznlis on \rawe, Cape Gharcester, Sai 
dor, and other istand objectives, inaugurating the 
roaker beach batrage technigue. 


3 SELF - CLE APNG 
ann emcee 
nl CRA TRF ga A “Tinta” 


ar LON 


+ Prepeny “Sconpcon.” 


REP CHNCY -9, OY wEQKT 


Dime Ie Cattiparwaret peclomaae of centuligel ai 


eftanen cud etal bbicr an vieaner 


CUPNGETIEN DTM 


2 we ee 


1 ave ceetemer eres as 


er etme ere aren os ge oY a ets eS er A ti en PS 


See ce ee. 
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we24 The Problem 


ALL request ola ypeciab conanitice ot the Joint 


' pment 
study in Gabe: 1942 of Che equipping of combat 
schides with rocket-taunchaig devices, he way be- 
lieved desirable that these clovices be so designed that 
Ihev cowl be used on varus vehides, asnphibinus 
oF ponampiybiens, and could abo be reused for use 
on the ground, 


Paorpunt. 


A preliminary survey of this problem resulsed ina 
secanmttiendation that che rocket fauncher be devised 
fer use an cither the amphihieny or the tlanauphib- 
ious 14 ton, Id joep, Later, however, the DURW* 
was Chosen as the basic vehiche because itcould mount 
agnatcr hie powor of rockets. Che DURW installa 
tion wat then designed fos the Etobvard 45 inch 
Beach Barrage Roe ket [4.75 BBR which had atready 
been brought toan ads anced seagre of development by 
the Calilormia hastitute of Pechnatags [G11], a can- 
Qactor unact Division Sat NDRC. 

A fees of BERWs had already heen anygned io 
the Second Engineer Special Brigade (2nd ESB), then 
completing is mal Gaining at Fort Ord, Calitornsa, 
and preparing ta caebark den Ausialia, One of the 
brigade's DEK Wa was sent to CPE and work begat 
on January 19.18 ff Sivee the Urigade was a hecluteal 
tdemmbark in abouraweck, an netallation was impro 
vised fram clements already & cailable. 2} bis consisted 
at sheathing the cargo space of the DOKW wah sheet 
metal for protection against rocker bhat. pros iding 
a protective sheet metal canopy over the cab, and 


ONee Chapter Sin ches velit 


Foueane LO Barly auadel of Sotpoon rocket tauncher fos 
bl awW 


them mounting thice sos allot “ciate” Launchers side 
by side acenes the center of the cargo space. Each 
crate, previously developed by the CHE group for fr. 
ing a 4.°5 BBR trom support boats. © nvists of four 
ers of raiis, with three ets Gt rails in cach tier. 

The CED group complezct the inetaifation on the 
night of Jamaary 20. and the DUKW was then diiven 
to Fort Ord for demonstration brings on January 22 
and 28. Following the demonsu ation. the somiavand 
ing general of dhe 2nd ESB reported that the barrage 
pattern was cxceflent and dhereapoen shipped the im: 
proviscd rocket DUBRW to the Pacifte with hie men, 
In return, he released twe standerd DUKWs to CYT 
for use in the further development of a launcher. 

With mose tiie available, it was possible to design 
a new lauacher with a capacity of 144 rounds of 4.°5 
BBR. By Marrih 18. IS, an improved verdion of this 
launcher had been maniac tured as a proposed pilot 
incl and wasicady for ies Chis launcher was com: 
posed of 12 separate units or subasscmblica, cach con. 
sisting of a rack of 2 2-loot tibey or baricls fixed in 
fine fore aid aft and inclined forward ara quadrant 
angle of 45 degrece (Figure 1). The lower ends of 
thew batrels sented into a tube which formed the 
bottom at the rack and which was designed to atop 
the Hasie fom dhe pocket blast, while wnall por fora- 


+ This unit was manulactued be die General Motos Cor 
petetor, Detail, Mich. 


bad ae 20 45 becsrmge robert fre frum Gs pte 


TONE DEN TENE 


se 


wh LANES) VEHICLE COMPONENT! 


Fetes 21, Improved Srorpion raket launcher installed on DUK W. 


tions in thre end permit the blast gave te cape. 
Fickd tests (Figute 26) indicted the need of various 
ming: medihiations, indudiag che eduction of the 
nimble of harceis it each unit from (2 to 10, giving 
# total spac ity at 320 rounds (Figure 20) 4 tire onn- 
tot box designed by tbe maida titer was added wo 
that the cmdrives craked ae a metarab ives schoceor 
with to “tipple bre" a complete salsa ot P20 rounds 
in { minute or to Rye ingle rounds as desired. ‘Uhis 
fwighir was designated the CUT Pype 6 Mot d 
laumbe for the $55 banage sonket? Four of these 
tatits Were shes siarditactured ard shipped averseas 
vaily in Anjan 1965 to the 2nd ESB whith, basing 
compere ite training in Austealia, had jelacd the 
tombined Ausgahan and Asc ican forces operating 
choy the coat of Rew Guia. 

At the seme thoe, Hb adktitignad Jaume here were 
obtained toomeer urgent able requests from the 
Fatupean theater, and sabequcnth alae 150 
Jaameher wore vrdesa for ow i bigue Entapcats 
ACEC LETTS, 

Aserond tspe af tausiber was fater developed ta 
ena dk the MR W todas 7.02 ket. Phis projert. 
underakett at the cequet of ND RC te deal with the 
spenal demotion jaobleme whith would bet 
weit inthe ins asiaa of farape, wardire: ted ahron 
ery by Divisio 4 Utes a werige of lemon are 
fiows at Fort Pieree, Flora. ie Febsnasy SOE4, das 
tg whit milter: cbverscn reporied favorabis on 
Ww operation, this devicg went ints proshay tien, Ne 
hekd requeciacnt, however wae ever formath § 


fnined, apd the infonaads saeqoested instatlations- 
approximately 100- were never wed. 


ci es Results 


Even hough the five rocker DUKWs sent tn the 
2nd ESB had tv en urgently request for virtually 
fumediat. we, teprocutatives of Division 12 found 
am artival at Milac Ras tn New Gaia that thev had 
heou warehouard there far abour | monks. The 
NDR representative then stages a tokesi rehesrsal 
of these units ia November 1942 and indicated to the 
nidlitars authoritics the possible cactical ases of these 
vehicles. C3 Deceurber £4, 143, owo of these rocket 
DUK WSs spearheaded che lading at Atawe an New 
Britain Isdand. gising she 2nd ESB the distinction 
of being vhe festive barrage rockets in an gm- 
phibious oper«tion i dhe Pacific. Ar dashes’ the 
DUK W preceded the waves of amphibious pacers 
and landing aafcand pated out a doulfe firs on che 
leah on whieh she lauding wasmade. Becave of the 
confeguration of the beach the rocket DRIAW. were 
athe co continie dhe tee aati che foading wate of ain. 
phibiony tracions was ondy 200 sands fone the beach 
ptoper. Oubs scattercd shats were resets cdl fran the 
brath av the heavy sockot barage abventshy smoth- 
cred the Jap defenders. Phe fre power vii Te thew 
rode DUR Ws hed ais the beacds past ac the bast ce 
mint belate the wate handed wis so deyuuetive, it 
sean seportad by dhe comuasauding “cred of the bré 
Rade. thas the exsinpde was fallocot iss all Deter 
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landings in the Pacific. For the neat 6 months, die 
rocket DURWs were used by the 2nd ESB in neaily 
every amphibious operation to which this group was 
assignect In the landing on Cape Gloucester ins New 
Bisiain, tiey laid down 4 propatatory barrage fer the 
assault ana beach objective. ‘They were used also iv 
the Saidor Janding, the Hollancia operation, the as. 
sauit on Lanametah, anc ihe invasion of Biak. In 
many of these operations, after the DUK Ws had laid 
down their barrage to cover the initial landings, they 
were used regulatly for “end runs” wo exend the 
beachhead. They were used to destroy cuca bar. 
Tages sn water toc shallow for PV boats. bi some cases 
they were alse driven ashore and umd as the Woops 
advanced inlind, taking on the function of sinall 
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tanks and knocking out enemy gun emplacenicnts 
and surong points which were holding up indantry 
advarces. 

Phe rocket DURWs wore scidom uscd alter the bete 
spring ol 1844. 1 hisacsulted parth from the dace diat 
ne more replaccesciit launchers were lorthcansing, 
bur ewpecially nome the act that the ad ESB had 
found the LVI (Buftalo) Getter suited to its general 
nerds Jor an amphibious rocker vehicle, Altheugh 
the LV has lew rocket+ ats ing capacity thac does 
tho DURKW, it was found co be more able to negotiate 
teels, pot-holes, and muddy tervain, and iis teckel 
fae for landing operariony could be bette: supple 
menied by that of other rocker cal which wer 4 
Tegular part ol the batalion’s wapport battery. 
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Chapter 17 
LAND VEHICLE STUDIES 


ane TANK NOISE REDUCTION: 


Summary 


N AN cart Co reduce the noi of production models 
I ob che MS bight cank, Costs and inedifcations were 
wade oo tuo bes of fight said giediam Gisks manu 
factusedt be Mariner Hereingtan wud General Mo. 
tars As a tesuital dese snudies, it becante posible 
te reduce Ue nei ol the M-3 ight tank to approx) 
spately cnethird ub its usual level, 

Vhis was accomplished iss part by aeoustin creat 
ment of the crew compartment, the engine compart 
went, and the ais dstakes and ovilets, and by die use 
of the mast quiet types ob tracks, but dargely by ube 
application of an adequate muffler und the insialls 
tien of suitable vings or blocks to absorb the shook 
ul the impact of the ack blocks an the sprocket teeth, 

No practical uve was made of cither the sprocket 
tech silencers or the anpraved tulfiers, although, 
largely asthe result of senewed practical requirements 
for night lhaking during whe Batile of the Bulge in 
the Ardennes, military interest was temporarily te: 
Dewed in the desclopment of quict mutters. 


Wt The Problem 


During the caddy part of 1901, tt became appareit 
tothe FS Many Ordnance Departuicud and to 
several Gank snanufac turers Utar tanks cunvitly con 
ing off the production fines were cacessively noise, 
‘This note taluded not only “tactical” ar outer 
noi, Which would serve to warn enrosy alsctvers of 
the proaimity of che tank, buat al 
mew ar inne pose, which iaterlercs with inter 
commriniction by crew members and: prosunmabh 
midduces flgue. 


Research was coma query fietitnicd hist to meas 
ot 


“crew eusiren- 


vy we feitedd highs and nein 


wie the pie perentine cal 
tanks, withspectul attention tothat produc by theit 
tracks and yaoheis, aud thea to dovelap eller tive 


eMopa wh te 

1 Live wcasaieicits wore ade bey be Cult) abinatess 
Hassan tamersn Cambridge, Mies. eden the Sationst We 
sean Gonret Canrumition on Sotimd Gamtied. cat repented in 
reicieme b 


tarthods af control whieh comtd be applied without 
radical Changes in dak design. 

te had abyedy been reported by othe: wotkets that, 
ip ww far as tactical noise is Concerned, Une itoat ub- 
noxious ave the high fequenc y aaises resulting front 
sprocker Catton sid) ccording{y it was teh usat par- 
sicalar cinphasis should be placed on controlling this 
SIUC, 


ana Procedure 


Preliminary Hisvening teas were combocted on the 
Manmon-Hearingions CEL light rank and CPM. 
SY BD oovdiun tuk, which woe equipped in lara 
with stech wacks, mabber black tacks. asd comiinuens 
rubber tacks with steed idles, and ihe yan over 
comuete, gravel, and dirs susftaces, Sound Jrsels wore 
determing! with a miggophone plared in eight dil- 
laeat postions inside and ootside cach tank and 
ronnected to eqitipnien’ which ancasuredt the leyels 
it different requency bands. [te was found thas the 
Wack wish ils associated idlers and sprockets is ube 
principal source of seise, and that any poise rcdus- 
tion ub these two tank anadels must invelse an im- 
proverment vb these compan si” 

‘Vhs investigation was then poutinued on ie Gon- 
eral Motor M3 bight Gunks Phe hrst measurements, 
including objecuye sound incasuieiuis and “fury 
foots,” with observers jvthgiag dhe detectability ot 
tanks, pointed t. a number of individual Jaciors 
which contribute in ditterent degrees to dank noise. 
Rach af rhe factors was considered in turn and an 
effort invade to tad the biost pare tical solution. 


Syro ket Nose 


Tt ander co detonnine the means by which sprocket 
clatter is gener aicad, high-speed motion picnnes were 
made under operating conditions and jiaticnlar at. 
teation wan dinedied to ihe pain of sack caguge 
ment Lhe indicated tht, as far as approach ta the 
Sprocker is concerned, the tack fails to actasa tes 


+ Dh iaseangalion war canductal by the Gemoab Maton 
Corparstion Sov Gaotut sete Sfslfeut Atiett uder 
OSRD cones OE Mer 10 and DEMS CU 

A Atade bv bdke ron. Grrawehacect tb Geer tambsdyge. 
Afi under ONM4) 4 


“1 CONFIDEN LENS. 


1 ; tania eee past 


i 


Bevel. Rubber riage teatatice on M3 Light tank ta ve 
duce pio ket none, 


Die band) Jastead of moving towatd the aprax ket 
along ic line tangential to the pitch cite. the ap- 
proaching track blocks vume in above the tangential 
linc. and on engagement switg in aadially to seat on 
the shoulders of the sprocket wrth. Phis action is 
probably duc to the stiftpess of the aack and the 
track joints. “The impact with which the inward ra 
dial motion ends was tentatively comidced as the 
puncipal excitation for sprocket clatter, and subse 
quent tests tended to condinns ths view, 

Tne pucliinary attempt to some she sprockets, 
daniping nian 


1 owas applied to the complet 
sprocket assemblies ia the lotucol 4 halbaada coating 
ob an asphalt-sand orisaie whic vas habkecl on die 


habs and ucth, bots inside tout. Bhi costung 


was quickly tgund te be dapracticad and postal, 
and motcover gives a reduction of andy about ¥ dh, 

Tt owas nest determined that ia incasurable im 
pravcment could be obtaingd by cutting away ihe 
shouiders on the sprockoe teen. 

The final modiheation ivelyvedt the adidinen of 
Hubba shock absorbers. fons case the absorber ts 
wwothe dora: of as rubber ring hold) between metal 
band and dougucd to bear phe acial floats at tle 
sprocket w tide the tangerenel ls iv inge fore sane beta 
Wythe sprov ket teed (See Figure Poy dn the athes at 
Vtochs Pesntkeat to ian tal 


tompbts ob sisall rubber 


Lathe toe te Gibbens are mileage 
Condon Mak UPN bot baok anabave thas 
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Fuse 2. Ruleber bloebs installed ou M$ light tank to 
Feduce sprocket noise 


Mound which dicin bewean the piogke woth and 
we welded iu place (Figure 2). 

Listening tests wore tun on the MES tank oquipped 
with these modifications said with dithrent kinds of 
tracks. 


Metrtra Nowe. 


Scveral miata. designs were tested: and fomiparced 
with the prodaation autilas curently being in 
stillcd on the Ma Wath twin nitions ef ihe sane 
Nive wand shape ats those daca an plodsa tion siodels, 


Any atherogpts tee seal toe vesudtcd i ast cases 


te baglwa back: pocssure and fess sativucions tank 
polomsianee. dhe 
tengfer Ips was cautid te be the Haves Noo 2159! 

Much bet resulis were achieved witha stigh 
wufhler, particularly Gie Nebon 1 11 waka sigh 
tall pipe tor the whede engine 


Most sadistictony al thie doinhb 


Moderate 
Hupravement could be vbtined by astting ro oh 


bigtare: 3).8 


prlodiichon sadtlar a col pape 2h ebies i deme ter 
aud 20 inches long. 


Misiiaise, Nowe 


Wi produehon mock Fiatks it wastes nd that whan 
the throtth ischoscd at lah engin sprrths, the eu 


giop mihi). end ther igaases the mburmed« harge 
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waa not undertaker ie thes ievestigation but referred 
(othe mavulac turer for appropeiate action. A de-fany- 
ing device was designed by the manulaciurer for the 
AEA cangine. 


FRtiNy, COMPARIMENT NOiSe 


A dret atteripe at reducing the tarda) noise trout 
the engine Conipar tment consisted oF Ike applic ittions 
of large conduits of ducts ined with sound-alsorbing 
naterial. Phere wore fastened to the exterior of the 
tank, one being applied to tie cuging airintake open- 
ing and ie other w dhe exhaust and quoting air out- 
let, ax shawn in Figure Feeune §. Installation of Nelson £-1619 ouifier on M-3 

‘Lo reduse engine compar tiene nyia teaching the Hight tank. 
crew compat inent, the uit coolers were cu lemyed annet 
the cugine comparbnent seakd except for an aly 
sorbenclined duct dough which cooling ais could 
be drawn. ‘Thin dui geplaces the propeller shalt 
gover ot dhe production nank, Ak enters the duct 
through openings near the Wansinivion casing aud 
travels parallel to the propeller shaft coward the 
rea, whare it branches out inte the oi) cogler cae 


osuses. 
SOULS AB ORRING LINING 


As a lantern step in pedua ing duce teise, a highis 
aber boat liver af Y-inch bai and asbetos lelt was 
applied 1a atl Gie acconibly wal) sur taces. 1 he prov 
duction task, with its bard mictallic isterion suthices. 
Oller oegligihle sound absar ption, anu cohecy ite nits 
it was cxpertied that the intraducden of even and 
crately effective soutid-ataai bing matetias woold give 
sppreciable nnprovenicit, 


Jeace Ri ware asm ddcae Viamaiton 
Puerne 4. Inolalacion of svund-abanibing ducts on At3 


light tank, 


A major sveurce uf low pitied nei he the Sank 
inteniar was Waced lo the sedation beewern the bagi 
wheels and Ge tracks. Dnibe productian track, 4 gap 
Priests berween sucesiee tread biveks, and the bugic 
whoels ted (2 sink inte this gap as they cross fou 
pne black tothe wont UL ay ib the production M3 
Jightianb. the spacing de tweun wher Pcctters cn tie 
sae Dagie Ascrably gegsal to an sate gral inultiple 
obthe bead ble k tough, both of these wheels aink 
vate the wags simulatscogsts, and Use it Wsertiegey Are 
yn phase. Cinder those conctitiona a strong vibraror 
tune bistenited through the yp. lg vaspenwon te 
the ball of the gank amd ecuulis in a low-frequency 


fs 3 Baetae oF ypen ob teak tirade beateed det ascaiw wrote 
tumble which toads ta tary comsderably ta isteasies tian US. Rules defi. poate: Gon te renter, Gout 


asthe (we tacks mose elute Creach other. Phe yt ich fright! 
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Dieter 6. Elfects of control mesures 


bration also Causes wvere vartling of the Cures and 
other parts of the tank atcertain speeds. 

Tan ordes ta reduce the low-frequenes bogie wheel 
tainble by preatucing an outed-phase selatioustip 
between the begie wheel motions. a Ul 8. Rubber 
Canapany track with a shorter block lengths was sub 
inated for the siaadard track. bo anather attempt, 
aK Pb. Gemhich Company teach presenting «much 
smoother sadace to the bogies wos tested: (see Big uc 
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over all icduction of inore than b lb is obtains 
splocket none by uscol the tubbor rings and of about 
dadhoby uwob the rubber blocks. Elie reduccan is 
partouhady necicceite in che higher traqeciicics. 
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AMWO dpi, aaver all reduction of about 
Toalb is obtained hy 
duction tuiike amd of tnere than 1$ db by substisit 
tion Gb the T tot? mnalller, Phe adecas 
most novcesble an the lower peace ics 
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REDUCTION OF BOUNQIAG IN TOWED GI 


ary Cink ah 


Hy ocquipped with the PTT mater 
and the engeoe adding ab P00 ppm. 

Use ofthe Coodiieh smooth rubbo. deck gives an 
over dl reduction of about a dboona tank aheads 
catipped with the 21619 aiufiier, 

A coubination of these controls gives an over alll 
reduction ob about stb 

The results in reduc inside noise are itbesn atc 
in Figure 7. Ataver all eduction of mere phan > db 
ingiven with the Popol nmuliler. aleut bdb with rub 
xeuat bdb with 


Dev aags, about balls with bole Harinygs, a 


nd about 2 kb with 


an insulated cooling ai vanced, 
the Goodtich sneoth ubber tack. bhe combination 
of all these cantly gives an overall reduction ol 
about & db, 

Ta jury tests, seven observers recorded the tine ab 
which they fist heaad the tank cither an amined iticd 
production model or an cxperiinentally modified 
tank~approaching across a Gul beld. Rough com. 
jer bons indicated that the unmodified tank could 
be head on che average at 800 yards, and while start 
ing and shifting gears at $270 yards. Addition of the 
Nebon inufiler reduced this average to GL yards, 
and the iustallation of sound-absorbing material 
around the Gacks and aiownl the cooling air inlet 
and outler reduced it still mote to 915 yards, 

Neither the newly devcloped sprocket tech: si- 
Jencery nor the improved autiler found application 
to production tanks, Very fate in the war, the Army 
requested Hurthes study of the sprockertecth devices, 
bunt this was Gameethed soon afler the surender of 
Genny, Considerable intcrest devduped tn nat: 
flerssbordiy after the Bardo of the Bulge in tke winter 
ef TOPE dS. asl a project Was set up to test Gunner 
Cally mranutactuned piadiions for ase i aiitter tank 
opcitiony Mibough satistactany miuifiery were de 
sagned and built thes were not released tor produc 
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Fuvthe: reduction in the tactical noise ean be ob 
tained by 4 sound-absorbing Lining for the engine 
on chatiges, and 
by absorbing duc for che engine aia take ane out 
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cumpartiment, by track and susp 
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and the installation of better nufiters 
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reduction over the whole trequcncy spec tun, 
Ta the cise of iimer noise, daw frequencaes are 


Nishedd by inuiiling ancl by track changes, and 
pide and high frequencies are reduced) by sound 
absorbing linings and sprocket rings, and by the seal 
off of the engine compar tinent. Bhe nctresult is 
aicduction sufficient to cnable the crew to any on 
intelligible conversation thoughout the specd tange 
of the tank." 

the ase of rubber cipgs, while exelent drom a 
noise reduction point ot view, isnot a saliitctory 
solution fiom a practical point of view. “The clea 
wuce beawecen sprockets and Gak hall is excessively 
diminished, andl evo al rivets cauw ipterterence with 
the extended track guides. Ho appears that the use at 
bended rubber blocks is more practical gis ing Cquiy 
alent noive reduction without intocucing intenter 
ence problems, Akkbough ue rubber blog ky ay used 
plose somewhat low quicting ac high speeds than do 
(he tubber vngs. ¢ slight acdesiga shoudl be able to 
restore the full quicting etlicicany." 

Although it had been reported cartier by athe 
workers thai the high trequenes sprocket chtter abt 
tank is Chonost imper Gent source of reise du Cntbaaaig 
tlistinat abset sors to detect it, Hhis ay det confined by 
the proscat invescgation. la geucial, appears thar 
the law frequones of miicd noise ist deat a in 
portant Only when the ambit noive is ich in bow 
Frequencies dacs the detecuabulis ob a tank depend 


plimaridy on spreekor noi * 


one REDUCTION OF BOUNCING 
TOWED GUN CARRIAGES 


Nusarassiaay 


Pestgh changes dn 1) gun carriage suspension. an 
sludiig increas wheel teach joreacd width, ie 
ceeded sprang note. and senased champrog. and as 
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Obxersation indicaed that two-wheeled gun car sion, including 37- and 47mm topes have been 
tiages without spring suspension occasionally under found subject to damage when cowed over a rough 


ge scious bouwacing when towed on a hard read. In read. 
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fis the case nd Oye chorea cara dages withosst sps ing 
wuypension, dhe damping vdouding fee vibsation on 
a tusd toad io trotted bas das bouucing wor ted 
fe cxpiccied i test of wheel aobakece ac ut 
Faanips fen ing a compancut at periad eqn tr tbe 
nataral period. bn the case al a saft tea, sect. it 
resopansg wousel be nosbsertiy mosh Jess severe 
becattne of the damenng inn the ysis nsaiies dab 

byen without radial changes in the desigit of tbe 
Awa hector Cat efage. consider abide dnprascment indy 
he colt cite diy cdeliag sertical dexibiligs beowern dhe 
rattlaye void the patat of aitas tacit ta dhe Gowiay, 
chic, ane es pros iting dauspsiyg actos this oxi 
Infioe H this ibanping were faage cmoagh, it weit 
rend te climinete mather dba tnersdy retin the pas- 
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ath it weedd cond to veduce but net clininats Ube 
aanpilitide ad cehradion ott a tard reagh road. [6 is 
evpected: chat the addition at sac amping would 
vet iprode porlotrrance asce ab sult tata, 
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No nncarial tapratentient in this tepe af can tage 
ds stags stocL Eo scesss kets: dha. because of prin frie 
Rott, Comsteenaite chains i alscty present to te: 
chat alorest ans tiene ad teen tig. Bos ato of bis, 
there seemts da ia ne nerd ta add devpitg either as 
Pook samist po thie hows jsp ob sence yaad or 
AS Oeas To acess betseung on a bard sesh seed. 
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osahng deep resihen banipers dates of saps, 
And GF) po tcasibg dhe spong rae. San nee ob these 
Sep. ot a cotnbination of pbem war te expean al 
fe hase «tess fied ott Mb times whi bere is pe 
Duper step Tan 2 waaklastally daprove Une side 
bist geucs dl the greater die spring rte, the harder 
the vide, Ga the other hand. ithe spring atte is te 
duccl amd she wench sy te i tie stops ix cones 
sated by steps Pand 2. the ade by iaprived bur the 
point is soon reaches? where she side sway on tung 


Derowes oycessive, Mido sway cin De minimized by 
sssistgg dy wide a wheel spread ay is pracinad $b Guy aise 
be reduced bs vsing @ tomiott spring connection be - 
Iwreen wherk. Iau this rcedtae the spring mate beg 
binnps on opty one sith, 

Adusthes stady pf the S?-nnn yan carriage indi 
sated Chad the Guziage would tend to squat when Me 
bikes wereappticd, and iba. che stoned poise uscd iu 
cutcone shadets px some whar winerable to dint and 
WORE, 

fr adlditian 6 clesigny charges of incyeaseat wheed 


trved, iIneressed width, decreased sprig cate. and 
nsteascd dampiig. irappoas thar he methad of baby 
fay and lowes ing the wheels contd be yianpliked. 1a 
abo scons that te signe typeof doin shonmtd be 
used an adbsizes of Canviages atleast np to phose nsissp 
two tires por Wheel Pwo can iage suspension desipns 
Rave beot wgygested. bode using parts then fam 
scundassl astomobsiles, 

Th the shrie shuwen he figwe 4. Chevrolet bane 
wheef springs. brake dios. shock absorbers, und 
tubber bumpers are snonisted on the seb dane, 
Wwhickeis hinged ac dhe fant ofthe gain pasiiage. Phe 
Wheel iias be tise tawered by yatitioss of a spe 
tia screw. Whee the awhect is tow ted, a pod stapes 
Bie based by ie viele posite Vhe sect ane tram the 
fangne Ss nase on Saas come mtonal Phe aprrecie sd 
yrintsaty placcd wo da she wheel atas be tcl 
without mtrferuce, 

Pigsce shows eachinn witihos adaprable either 
tec the fed speitpy siypension lies sed Pere at te 
$b faves 
ste DD crseensgyis af sets 
Ube frie bods is banged one the arcane trace. Pin 
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ss bowecced Pfte star cimge sssonte stant Ube ferwaney 
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Chapter 18 
SPECIAL DEVICES 


ma LANDING WHEEL BRAKES 


Summary 


Meme aberdi brakes with a capacity of energy 
I absorption the tov ad beat of 25,000 10 Ib per sy 
in. of braking surbace have been devcdaped to inert 
the specthestions tor such heavy beuabersasthe BET, 
whe be niki 2 
threcfoht increase in capacily. Sits resnltcd Lingeds 
fom Gucful planning. cooperative eflort, and os 
thange of dan Phe ase of powdered metals in brake 


nb ihe BLO, Davis .e sievenient, 


Hinings Nas dacn of great importance, ay has the in 
ploved design of brake sucuoes, 


Wat The Problem 


Th Mav 10), an tivestigation was under teken on 
cxpaiding. conttectiog., aud diskaype nivchanical 
brakes, together with recommendations for indices 
ing their braking capacity anslieducing tacit sice and 
weight! When the studs began, it was generally ac 
cepted that (000 fUIb per sq in. of braking san face 
was the mieximaut that could fe absarbed anal dissi 
pated in the nomad stopping Gane This Hint, it had 
hem seported, could not be uniter daily oxcerc ded with 
out warping. shrinking. and cracking thie plates, as 
well as vers apidh deteriorating the fnmg Several 
Kpesrboast iron ind Laniineted sted) plates had been 
developed, but gave onds aniton mupicenne ne 

Moauwhile, how the Nerued Series were 


planning the cotmiuctien of very heavy bonibers 
sabenprecedonned weight gad inding spect Spear 
Nations dor vache planes as rhe HOTT Bivins bertre ss 
the BS Liberator ane he 29 Supertoriness called 
for braking Gepacitiesof tf 900 te tb por sq et 
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plans for investigation. obtaining and canine 
Necessary information. * suggesong desyga moditia 
tions, and wiging development along specife Vines. 
Funds wore available to subsidice aconiait amount of 
capelimental work. bur ie was fannd dna industry 


prefered to bean the costyet iawn reseaih. and this 


policy Way encouraged 
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surfaces bell 


tive values, Powdered mi tal appeared te have the de 
sived heat conducting wbittes, and was tried an several 
fora but at dase veithant saceess. Ph owas then sug 
gested that the powder do inetah an a tq meh thick 
facing be fused te aolled copper plate. da tests with 
an Adkumon dvinamomicien, these plates made X14 
streeessfal rims ata toad of T0000 (1b per sq in, 10 
20 15.000, 0760 20,000, and) Flat 25.000 before che test 
was dixcontinucd 

New linings were tequa cd te work with these pow 
dered inctaly, aud these were successfully developed 
by several fining inarudactarers. Hupsavanent abe 
beaune essen cial nthe physical characteristios ab dhe 
stechs used din the shells and of the caxtiron aloays, 
and these. too. were nade by the idustrics 


aaa Results 


With died 


astcnaft brake istet bated te de prouieushy asic 


orstition thatthe und doadiag of an 


1.000 bs Uh per cg im of cuetarngg sum hace ae scare be was 
sthaulaed onereascsmentobothor braking bretors, 


don thealesclopmentof actnal bashes for wstalla 


eveons tener att. D bee ve satan me yy popeebne ty ae ae 
TEE TA Bee 

Oho sinali beake doo a 7 Wathen whoa ooniye 
nally ratedar L000 Th por epip bas berreequipped 
mathe a peudered mecel Lacy: and orcad ae betes 
than TOW Anedher web powdered ri tal aad with 


ead satust 


wbtbe pew drake Puss. oper esnips 


rida 
Pant Iesselerig of EOUMHE fr 
AV etme Y phierel 
bese g ansecLecongale ar Posie sre cin Deore pe ie pcr sey nen 


eae the HUGS. sad as news Dg mnaanlae tan’ 


smaadlee sizes with a chan 


Ih pens shyt 


stb ttnad se gopeate cba 


CONDIDEN TEA Pon 


nes SPECIUL DEVICES 


Anather ang lteines wheel was ran at a boat ot 
VEASO De ped veg ier at rutslede, sualace Qovaltings 
199,090,000 Lt Sh) ata landing speed of 123 aephe aad in 
posite eb PLD seemed acace eset 
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ies Conclusions 

Advquate siierah Drkerhare been made acailable 
for the planes which were in qutantay production 
when this sticly way tosutinated,” Baperimentd date 
and other internation tare bres aceumudated which 
Should ofake Ot powuble toomect rcquiteingnes of the 
teow lager planes suit in the stage of design and 
devedopmient. Fas wien sive vad weight, brakes Gin 
Le nade with gapas ition ot feast Cee tines bat which 
Vary frud when shis tesa ch prajess was sturtosh. apd 
Ti onshas by sa meses do sight. 

“This tian resclecd bogey trom carctad plseuaciag, 
Cogpecaine ofan iad oxcliage ol date eather drat 
from cadlicalls nee principles of opecttion. Partin 
Jat consider atian was given to probtens of heal bans 
fer, suitable design ts provide dor inevitable expan 
sion and candaction, wad the deweap ment of new 
forction niatcriat. Necoadinsd ly wow bake desigsny ar 
ideas were uneoseicd that contd witbs aired rhe test of 
vapericnccd septa, 

Powered sustallaags bas played o vers imperiuus 
ple te predict Hie fa atcdaces which climsinate 
yt ard nadie ene an tg ieee WC Onintasee iti 
heat corthoient Gvet a wide tange of tony. Calute. 
Od ia bepisslitge tras bec maade ite the determina 
tar at the prays ities at Vaninus powible mixnues, 
Phi reseaset shontd wed doubdew. wifi be continued, 
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Summary 


fi an dtieinpt to unpros on the Mask S$) Mod 7 
feraeck ueedf fe Naat deanhere mo new desigis 
ve Mark 9) Mead dt atch die Mask Ob Mad O) were 
Ptepared ara a small aumber ot units dctwcced to 
the Hitcaw ad Ostacte dis peetintiars Gals, ries 
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toeted bach aid any aid ie anainng the bombs 
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The Problem 


Reports of sctious apetational scrvice Gaines of 
the Math 9¢ Mad 7 besh rack prompicd an ines 
gationt te determine as tapitity ay persibde the cars 
and conditiuns jor failure and to design eqnalts 
rapid an ditcriny drsice whish wens meet ae 
goat deed for a dependitble howd cick 


22 Development of Mark 51 Mod It 
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Lalxaatons istvat production models ot ibe Mask 
SY Mowb borask sevealed wecrad iypts ot sailire, in 
thang bohne te release and te ata tite bonds aa low 
lemperanne, a tenders to release las cibration, ane 
a voudition in which the bomb tailed to discagape 
fromm tke hooks alter A bead owen reloased. 

Failure to ceteaw rte bomb at tow temperagae wes 
toe clnefty to the siileaing of «rubber sealing cay 
which rfectivels resisted the relewee solenaid fore. 
Phe srivase solenoid was found to be bvaddieguatels 
desigaied tor wucfi a critical irem. 

Faihac of the cleairis arnt and safe lunation was 
dur te inadespiate sejmnoid and sets sprig lovee re 
DP ane dng Tost e at low omperannes. 

Vhe uarob trend uv ptes cutive cent buted ta the 
Jothacs of bath the release and acteing fw ens 
Yoncs in whiet f 
tacks Qeaned with cocest 

Tire tomieucs of therack tosvdease under ciation 
wus dis aveted to be due to pha allowing (te refers: 


Tunes were observed were tmade on 


soionsid plunger to haammes agains the telease descr, 

fhe (pe of faile ip which rhe bomis fadhst ie 
diswngaye fran the beok aber releaw ob de nek 
was founsf ta be duc io a basic tre in rhe location 
of she bak privat point in che of igitned rack. Aaa re: 
salt. the Riction af che book in tiding oct fom under 
tee barbs tay coubd eflecdiveds appose thy opening 
ob the rack 

Saie the cologapion af the hook pivet pote wut 
those Owatved a consplete iidcsigaal tbe rack fave 
and mechani, which wok? fue hava tue sise 
corsumtng for an anccrin desice. phe siyps taken to 
Cons type of fash were sonhinedd tomodihes 
Don of iti shape ot the hook bo providing a 714 


+ Pha sesestiy ettee: wae Condar(ed by the Trtggdas Vaorsit 
Compact fir F 2 Segundo ¢ ail wR 
Mpa bet 


anh 
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SOMA RACKS ona 


degice downward slope to thie bond lag carving san 
face, and deter the local induction hardenmyg ob itis 
saface to rednee bruset ancl (riction. Strength 
Tesheal numerous book samples mulinased that the is 
duction harder should be carricd out archulls je 
avoid inteduciig buttenes and weakening the 
hook. 

Katk components s 
Noted abewe were built, tested, and iatalled in five 
witnph vacks. which wore delivered tothe US, Nav 
Burcu ol Orduance dor tisding. Mdhough the modi 
fred raoke were basically sanistactony in aerdormance. 
the Bureau ol Qsdaaee requested further design 


sagned to catiect the daults 


Changes insobving the anaing retained hashing. tre 
bomb books, aad die cheaic arming contol Die 
ftroduction aba specie ammung solenoid com ren 
pomne Jiittialian wt wn increased sollage nocesst 
tated conmsidcrable desig and (esting ian cor tte 
jucet he heat requirement and set toverain sulkcient 
salawoid poll tor codd weather operation. 

Ta the cause of the investigation. in which a large 
aamaber ub sacks were observed completch dis: 
Inamittod for weaning priot to installation on gir 
Panes, Chere way considenmble evidence ob faulty 
Mende aid ata tow standard of inspection on 
the functional pasts. 


Resetis 


The Mark St Mex Ub bombaack, tacos por ating all 
Buiran of Ordiauee cequacients. was conned 
as showin bigure ), ard cight tants were submitted 
to de Ness Phe ppo pant oof the lava ation 
shows the old Mad s rack sath the upper side made uf 
Thainpaad ent plasin and per reons at same pariv cut 
awn breed internal nc hae sad eouartuy tian 
Trthe lowst part aire the tedesigned parts to plac 
eorrespontbog party in ebe older nadel 

Shows here ate the wite cover (Ap the noise det 
woses pote Go the rege uit sembly with rede 


sagned soled (Cy iromiacts for release sotcnoid 


srrtag Dy constable ile bushings bp lati hing pene. 


tha tele ane wodeacied > ete 


he aqund 
{oy dedlesagied set uit aseatbls. shown here 
forth arming retainer pulled guard (Eb, the hook as 
deakesegticd Bx the Bureau ab Onelseatice C2). th ve 
worked boob tau the Mark Of Moab Track (Js book 
Prot pin washers tha and book pater pms dy 

Mia Dadeseaterrs toate the veleas ait of the new pack 
appecaeta be theroughls de peoditle for bow top. 


farts sepe tation atef bas ie tends ae ete tale ase free 


Vibration under 3.800 (ous aml under O80 ingh trad 


tr loan 


deplaciient Phe woh neat pad regained + 
the rack has been seduced Phe sabenmod focce aed 
able has be cn oie ased. sine both the theotetieal 
satan toad on the yack apsd dhe deed oticad mini 


wo 


Hoawar gracc derque Which can presenn eles t ic 
tcleave. 

Phe dependability ot the anming oat tar tow 
tompe nature spent has tec: improved. the wail 


uct solenoid thrust available to Caen” the api tas 


heen inocasca. the nein return spring dence 
available toeims ib phiages tom “Amd oe 
“Sale” posivion bas been more Usa daabled, awd che 
Ravi seal rempetsiuae ob sclynegd lar comin 
ous operation fas been redneedd fear O85. 055 Cun 
10X),5 

The bomb hooks bare a aisles. of 91 38 Rock 
well Cas compined to 80-402 for the old made h diere 


one toidene, te hang ap uncer foal after release. 
and the approniinate average Drcaking load tora 
wungie hook has been deacawed 4 
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Bomb Rack’ 


Peone nen 

An indepeadent iivestugations of rhe Mark tl Mod 
7 bomb rack adie anwar of modificatious knee 
sates $e added whore possilde to pratect agar 
the het 


KAlvdni action AM Dinkages wore anadsced with and 


iat wand jeg, Mietorteds wote Chosen te pi 


Witlert Tnedon. aud 4 cociboient of 2) per cour was 
used te provide sulhcicnc tiargin in all but exsreane 
rae foreduce the cleats ol seiciic. sticking. and 
friction, al) jaurtewere pivoted whetevey posible crud 
tecihinear iotion way ateidad cep int the waht 

noid plunger and compression springs Che design 
was tuade wo that dimetstonal accurses woul) pot de 
fecumiportantaud would levees «nine: efficrioy 


Hppletion. EB iat awcnibhe ot parls as taang tage ther ots 


carricd out ia dhe twa wale as aaccisnisnas. 
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Phe devgnotthre aew Mark ob Mod 2 bende rer bk 
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tevbencu dar bagate 20 bbe daonide is bac dd ase Pte bs 


Athw uvestiyetion wae contieted by othe tb tf acuie 
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BOMB RACKS 


Pact aa 2. Mask 54 Maal ‘*-mb sack. 


two independent hooks Ge }-ineh centers, locked by 
two Grsd-center roll laihes which are actuated 
by means of a single impact t-producing linkage. With 
this design it is possible tor onc hook to be latched in- 
dependcntly of dhe edher, but if lau bing is uot com: 
plete, icteave of pressure on the bomb-hoisting cable 
will immediately lower the bomb. 

The action te release the benib consists of mos ing 
the prop latch frou in frontes the voller which is oa 
the center pin of the lorce reducing toggle. “The pres- 
sure of the release sprigs causes this toggle to cal- 
ial fice motion. the hook-lock- 
hanes blow and moved frou in 
Yhbe hook then has no re- 
© fall our 


lapee, and atier an 
ing latch is struck 
frost al the hook pelle. 
siraustand the woghtofthe bomb causes it 


atthe tack font ans postion up ta the vertical ‘Lo 
facilitate the ation athe vertical position, the sides 
of the retaining lags are sloped: Lh degrees. which is 


the arigie of 
live force fo tock Fie bem ont of the tac 
would tend to fccit slide aut. Dbisis added insurance 
toutske an cilective Py dagiee slope ot the rack when 


Wa cent dein tieit, ws that with i 


. the siape 


it ty actually vertical Sinec the bomb weight is not 
Used teopen the release mbechanisin, the imanicr of its 
eppiicabou has ue effect on the ress action “Phe 
sinvothiness of the hook surhie is Uberelore dumate 


vial, wand ans dle niation dae te sediness or bs Ving 
asacesutt of vibtation has oo cient an the ope ratidn 


The spring required to tip the bomb produces abous 


25 ties the amount of energy necessary to Overcome 
the hiction at the rolier caused by che weight of the 
bomb and to cHect release, 

‘To improve operation of the arming mechanism, 
the coils are wade to oceupy the maximunt available 
space inorder to have the greatest amount of Copper 
and Target radiation aves. ‘The iro magnet Game 
consiatenf a single iectangular black with lwo cavities 
machined iar it. Ee fits snugly between she sidie walls of 
the rack to which it is bolted and pinned, giving the 
best heat transfer and the maximuns rigidity of the 
rack during loading. Lo ebtain enough toice for che 
ammng, the size of the coil penaits the use of Na. 38 
Wire, Roevar insulated, without excessive tempera 
nee rise and with sufficient force descloped to give 
ap, loximately twice the torce of the orginal rack at 
no greater comsuaiption af cuntent 

The Mark 51 Mod G tack was expected to perfor 
satistactarily he: { 
ig Desires, 
because of a clei weechanien which doc. not de- 
he fia source af Caer, impact 
action of rileasc springs, wid dnpact action of celoaw 


$) greater facilins in attach 


Sy greater setiatabiiy tn rcivav: of benites 


pond en hon « 


coil, (3) reduction of carposion by use af stainless stect, 


$4) provision of asafits factor of fea all lows. (5) tise 
ofdeadt center type lithes, and (6) more positive arin 
ing action beraise of the use of pivoted parts and an 
nuproved coil Dn prcdiainaty triads dies expecue 
lions appear te have ben met 
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782 SPECIAL DEVICES 


Ins AUTOMATE. THREAD GAGES 
Summary 


Aiew type ot thread gage has beeu dev cloped for 
prodaction ioc. Production wiadels avtcd i secvice 
have gosen up tes a FO-fold ierease inn spoed and a $00- 
fold ineiraye in fite, and have banded as many as 
M000 pieces with the original gage paris and with- 
Etec Jon of Cicriminsation. 

A bebliography atthe manutacure and gaging of 
Uneads aad a imonogeagh on the manufaccure of 
thread ringy and play gages have been prepated. 

Asa reall of this work and its applications in 
iudustry, 4 autotantial contribution waa made to 
the are of gaging thseads ay well as a considerable 
slocedup in the lagescale production af seeded war 
materials. 


Yaga So Nhenisie anangement uf ratte pe Uteead 
Rage 


Donrws F 


Devt ruenkdodredles tye Gacad gags 


188.1 The Problem 


In Apri 1942, a serious jimitation in the produc: 
fion of war materials was sovulting fienn a shortage of 
Unread gages and especially frome a Shortage of rity 
kages. Because ot dheit desigts and the paceision tc 
quited in their manulactate, aia production was 
practically impossible. Che limited wanber of gages 
produced by teal room methods wae unable te cope 
with che daily proahse ties of bsndreds of millions of 
threaded party requiting juspection. Lhe suiuation 
was made ever more acate by the fact that the avail: 
able type nf gage could be used on only a few thou 
sand pieces before its wear boca exceaice and it 
had to be diseardeal, 

Acthoreduest of the O05. Asay Osdiance Depart- 
ment. @ praject was established to fined an inmediate, 
practical salution (otis probleme Suggestions in- 
duded (1) the madification af carrent designs (a per- 
mit easy salvage, (2) the development of mass pra: 
duction methods for the current designs. (3) the 
porfection of special wearments to protce: the saa laces 
of carrent gages from wear, and (1) the devclapurent 
ofan catirely new Ope of gage which could be mas 
produced or which would contain casily replaccatle 
wearing clemems or be highly reaistant vo wear, 

Before Unis investigation was completed, the Otd- 
Rance Department andr took to provide temporars 
ictie far the gage shortage by giving contracts for 
Kage waradactore fo small took shops. br was found, 
however, that lew suc te shath knew thet bniques of 
thread gage production and dat na adequate infor. 
mation was ieadiiy availahic. owsordingh, + sunple 
thread gage predaction manual was requested for use 
Da the persarmel of these shops / 

Finally, vince ne biblign aphe on thread manufac. 
ture and gaping hiel beca published since LOUK aie 
ent was made for the preperation aud publication 
of an up tedat: bibliography. 


Pers Procedure 


Phe vaggesred modsheation of cent designe te 
pernt carr salhage woe dis ated wah dhe decisioss 


6 Sha invesugznon was conducted by te Revant Chacking 
dossantey fanpeann, Sprinytech. Vesrsiens 2¢ alwonizactors te 
fhe feces steal f ameony Mahone (mm en, Spriugheled Versions, 
Saercler LORIE creersracs Ob Mey £07 a Mresject Cagy fe 

4 Preparations ob trues marisal age nudosaten bi the tenes 
aud) jason Marhiow Cenipane. Spesugticke Vermont 

* Perparaoon o& us inbliogcaphy was undeitaken bs the 
Sunes stud § sinwin Martine faanparis. Sciugheld Vermont, 
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Fiecne 3. Shematy arrangement of phoe-ly pe gage for 
watetinel ducads. 


that the only practical modifiations would involve 
the uv of replaceable weating elements or the plata, 
and rehnishing of worn gages, either of which would 
involve Line consuming precision methods, 

Preliminasy consider ations showed that no tadical 
inmprovement coud be expected by deselaping iaass 
produi tion methods tor dhe cuirent design of gages. 
The manulactaie of plag thread gages had alicady 
been facititated by the aduption uf the chicad grinder, 
bus this development was proceeding as rapidly as 
could be expected and no uther production method 
appeared to citer much promise. 

favestigation revealed a nuniber of potentially use- 
fal methods for the treatient of gage parts te nereaw 
wear resistance. She only one oftcring considerable 
improvement, however, setuved to be the application 
at a thin, unitorm Jaye. of tungsten or othes haul 
carbide, and no we ful ancthad was available fos the 
opie ation of sucha dayer to dhe surface of 2 buished 
Rane. 

Major cmpliasis wer therclone placed on the dese) 
upmient of a new Oy pe at gage. Here it wae recoguizcd 
anmediately ulna if a thread is vy be payed throughout 
is dength, 2s is necessary tu insure avectildy, dhe gage 
pst be tinaed on the thread a niwnber of turns equal 
to the saber ef thicads, fhe successite ducads of 
We gage ate consequently sbjoctedd ta wearing achion 
bt peepertion to choi dasiance Gomi the back end of 
he gage. since cack succeeding dacad is subject to 
wiar ove tewes buns. Bhi pesulo an the tapered on 
“helbinouthed wear vonunacdly noted in nel ring 
thee set pages 

Vhs Dollie astisedt wear cold be eliminated if the 
partcoudd Se introduced without threadig on and 
maxcbbs ony vaght amen: ob tasmiay peedcu to 
Invi Scaling ane te gage the fall cineundere nce 
Vhsis would require only a factional rar ter cach 
gaging tiduisag (be tatal wear on the page cle ments 
and profougiy (be tite ot the doviae. 


Pitar & Sbrwal arahgeimcnt of shoe ispe gage tet 
iweanal threads 


Ou this basis, considet ation was given test toa de: 
Mgt Incm poratiag (KO threaded rollers mounted on 
tired paraficl axes and enc roller on a movable axis 
pataliet tu the otha two (Figure 3). The awovable 
Joller ismoussied af the end obs pivot ain with the 
pivot axis parallel to the roller axis, the three allen, 
being approriuntely equally spared angularly abeut 
the axis ef the work or picts to be gaged. A dial indi- 
vator bearson the pioted anim to indicate its position 
apd thereby the deviation is she sive ul the work. Jn 
operation, the mosable roller is lited away from tie 
hxed rollers and Uhe work introskuced between ther, 
fien the aun is released, the movable tulle bears 
down upon the work, prasing iC agai che ined 
rollers, and Use dial indicator bears against the ann. 
Lhe dial induator ato setting is evablihed by in- 
wring a master pelocuee workpiece, 

Attest mode! consuacted ta chs design (Figur 4) 
was found to poste crcl wdesirable features. 
Wah thivaded voller, she phasing of the sollers te 
Inputs shui tancous CAG TeqQades an excessively 
cumple mice hata 1) simple grooved rollers are 
weed, they iuat be skewed to match the fad angle ot 
the thscads Cutchermore, ta manic Piapet chyage 
guest. the rollers aio be w shor that they cannot 
gage the cadre lengdrob thi ed in ony setting. In ad 
Mitton, (here as ne Wwipiog action ta remove die ditt 
which Gecumulastes on tie surface during Uae gaging 
aldats atolls parts. and the gaging iy not uniter, 
ameculale. 

From thew obscsaticas it wes decided thar sone 
sliding conta: timust be prowl bots ta rciatve chat 
andio ston uebasicad prolidoius intedtuced by ihe 
Toller Ths gage wss there fare modified fy ay placing 
the three soulless with three dhscaded shoes wharh have 
relatneh nartow bearing faces ond sharp commis to 
scrape awas thir tana whe diane domg enon tere auc 
the fol femgh ef the thread bong gaged Phe ae tho 
of panting ds lial medication fe sr tag on ames alle gage 
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clement was retaiticd. Phe Har Spring, pisot was 
adopted die bee means available for ptasiding a 
flictiontow, acuiately fixed pisat for limited motion, 
‘Two artangements af this design wete planed for 
excorimal and into nal tivecads (Figutes 5 and 6). 
Acthe siggestion of the Ondnance Departnent, ex- 


Pierre Aaserbrlee! coricot incabel gaye tee fencale agate 


petinental models were comucted fur both sale 
and female Heads of dhe finb- PENS bo thread ona 
component of she SEY! houses (hiaure 7}. 

Lrvarder to make the opus asion of the gape ay nearly 
automate as possible and ta duce the taler ot 
shroad gaging, dhe design wie again modified te pio 
vide a4 provable clowrnt which ix helt apen hy a 


spaing and Gused by 4 sutenoid. \ aricoswitah vor 
tral the salestoid and is acinated by a small pin be 
tween che fixed shows. When a wor kpicce is pressed 
agaisic dhe Gxcd shoes, it engages the pia, closes the 
fii ronwitth, and (has operates he solepeid to close 
the Raye. Modcyate hand presse agains, the work 
pivceta cack it slightly is sufficient to seh ase the gage, 
Chis gage was far rysdevignes! Ghignic ) ip handles 
the windshickt manning thread on the hardened 
AP. ap of the ddnin solid shot. and appeared to 
pifer many distinct adi anlage; however, aa a cotaypsres 
jue on specd of operation far the sake of reliability, 
the amiomatic closing and operlag feature was cling 
awed and the tial gage tor die ALP, cap was con. 
structed far haud operdcen (Figure 9). 
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ass Results 


Phe fui ostel was scat inte dhe field for service 
lesting Dv mandbictuces of Ordnance equipment on 
their production lines. ta dhe handy of briciy aained, 
COMIpETCHE Operttons, ih was found to be from: five to 
ton tines as dest asthe comvenuonal ring gage. dastead 
af screwing the workpicee ido the page, the operant 
copysts oF oponing the gage by squeezing the leva, 
inserting the park relewsiag the desea, and giviug 
hall ante scat and chock rounsines. he successive 
Veps rian one dite the other in sich a manien as to 
constitute what is sabstantially at single combinuous 
op 

Wher work began on this project, the life of a page 
uscdan he VT iap. whieh is hardened att 


Laon. 


achin 


ing and nol growin, was Fanited to the handling of 
about 1,000 pieces. Gir ihe same cap. tbe new gages 
handled 60.000 pieces without noticeable wear ol 
Rake parts. saad some new gages SUL in service at the 
tolmptcvon ol this study have hendled as many ay 
100,000 pieces with ihe ot igital contacting elaments. 
The disaingination of dhe new gages ix vufhcicnt i 
feet Oidinaie: Deopaticent cequiiements, and thes 
Teveal Grrors noe Caught with the standard dosiga of 
VINK Kae 

The bibhiography'! was compiled and 10 copies 
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divaibutesh and the mianial on gage neoinfachuring 
toe thea! was written and 500 Copies dist ibated 
Vaater the designs were shghaly modihed lor produc: 
Hien inedels of the now gages, and by fuge £4, 1944, 
anore thaw 


L200 unity were miaulactined aed 
Shippal The production amocdels included: several 


Sives for amie operation (ragure TO) and qa for 
tlectescal opera 


jon (kignre 11). Many of these pro 
duction units bave boon uscd on several huadbed 
thouswad operations without noticedle wear ald 
have greatly incrcawcd the spocd and aecunaes: of in 
spectiog. Ti some cases they have iaide it poseifile to 
Keige patts Which could nat be readily inspected by 
the olda ring gages. 


i944 Conclusions 


The new page deUcloped ta this Bivcsciganion. wees 
designed priparily ase Co gage for mate thread to 
take the place of the caavcuuonal ring gage, Mating 
pares which pays this new gage will awserible with fits 
which ate no Uhr tha was mitcrded by che de 
signer of the parts. 

When gages wear iapidly. cxcessive atlowances 
mvt be made for wear As a consequence, purty 
checked during the carky dite of the gage fit together 
too fooseh and parts paged cliaving sts Later Tite it toe 
tightly. The now gage. however. can be kept icon 
Hinnous adpustiment by resetting the diab ind 


Hise 
Jgdiost easton plug anced ip the page. Sece the 
wear is slight, dhe thiced dori Changes Mow). and the 
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wage CUD be bevchomans dines without aiuibse af 
Mec dey, 

Nar ody does the new gage serve ava Go gage, laut 
tao uperains ana Sot Go gage in abniking pitch 
dioaneta TH will ce jgou undersized paris where dhe 
Hc dors Ss pedeonably trae, Poidh eso aac 


potted by aa exciize indication, provieled the pitch 
duamews os bet suftcienth andisie te prodicc a 
saw which can be ascusbled. kaxcewsise and short 
prick bel shows the wane idiaGean. Phe gage wil 
Ter eerie Cre omiminn metal pitch diane 
sont same (pes ol thivad tons, fat in itsuse on Ord: 
hance Department work sb was rcquined that oiua- 
sou checks beomade with buncred ducid ings fo 
Waute complete contol of minim sastal pits ls 
clans see Ob od cassacbis beans, 

Phe Ce pape sill sot check rhicad fom, bat rou. 
toe wing wih this tvprol page acompanicd by 
ported checks of Uiead lorie with ain optical. pta- 
PUAN pe compseate tor eatin) ob soaling: will 
necieicn alf iid dhe mosCestecine stoidatds of high 
pode, 

bar mary production pin poses, Hicad lou can be 
cheekea wfttt vcdhcient cccanans by wsdig pwo of the 
fiw gages, (he scoot fat ing relies ed titetds bearing 
at dhe pitle tine onty. Phas seconed page serves the 
Sine purpose as the scondard Not Ge ring gage, a 
teidetsie tdie (hon bong the basis for rejection, 

Nite lhe new gage iy easily Catiha acd, xtreme pie 
cmon bocre quired i ses prodin Gon, and ity designs 
fotids thc Eto dass production merdhods, 
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Ot the dhoosaids of scbatitag y proposed tore phic 
Pare aaComebdhe tres gor css ad ailitars 
servi the Geelve rat pioinisoryg were coust iced 
avd Cestecl Uithroagh nom ut hese owedye hack bec 
foonel anwtuctens wher ie orate ce wits fertninatd 
Beate of he asred saccade watheticrabher 


peste on otihom the Mati blastic Spoke tite 
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appetred to desc ve ad itional studs. Several of che 
Martin tines had been run more than 7.500 miles and 
ont anene thay HO bales over paved and onpared 
dantds at sperds up to 8a maph. 


aa The Problem 


In Mach T912, whey the danger of arubbar sport 
age was becoming mucusingly wcute, rhe Vs. Mats 
Qin coneestes Corps and bases dhe Ondaance Depa t: 
ment wked too a tho ough investigation of “the pres: 
ent development and patents cove ing deviers shat 
sould claninais phe use ob rubber tires, and aan 
Incndations as to posibilines of dinther develop 
mien oY 

Dis problen was one whirl bad bern soven meh 
thought amd ssush. particwdeady chou the lat war 
and artes od bigit ruber prices, and dhowsandy of 
Paton anid suggestions had been subiaidecd far can 
sido ations, appear cardi ontsch that dhie compere 
chimination a€ wateritor sysntiietic ebboe wits impos: 
sible and dat die goat should be dhe aye of as tale 
vubber as possible. 

fa the warch for a dite of complete wheet which 
could be used on present automate vebiches, mani 
si Tile mininnin vse of cilia material, and vase 
af manulactuting were considered of paramount tin 
pettance, The vtate load deflection of the subsecate 
tite Was to approach thaced the pueumatic. The ttl 
weight end parGentonts the wheel unyprang wig 
(that portion of the weight of the wheel tying between 
ae spr ngs ot the ween asd the ground) were both ta 
be keptto canada. Phe tread area ance tace wit 
the road was. if possibic. to equad iLat ef Uke poeu- 
poate He, 
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and Ceanbvess (owt aight) Dbe Baki ve nor aber bew 
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ever paved aad sections at ditlaene ypecds, piven 
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™ SPECTAL DEVICES 


Veticte (cave Che pucuniatic tine is damaged. Since 
thes are rid. these five pes tnsfer allot the roast 
shock todiers ty aie atest uetares ad odicn vehicle 
yarG, and they ean be wed only for emergency pan 
pores tor vers fintted mileage andar dow speed ALL 
Int the Gta wheel were discarded without any 
Wlleage fevte, fort was tecopnized thar thei lite 
would beacheagely shor J bie Giawo wheels failed at 


2Cdewon Che fest comoec. ativaderate speeds, 


Hester Nd NEw PES 


Sever ti pes ot resibient subsacates (Figure £3) were 
testeth ane ge sore cases modified aint retested where 
(sis was possible. Then general haracteristies are 
geen baby § 

fn prefinsinary testis on the Sapet wheel, failure 
began within LO cites, Meaatificaciaus were acento 
but did not signifies aly improve performance. 

Phe Ueyer and Tarn ire was except Iv Dicasy, 
i cispa cing weight very bagh anid iChailed alter some 
AO nitesat ditving overs paved road and areuud the 


Tost course. 
Heck tests. dhe Avewa ciret was ac ported by the 
Mentol es appLonimaich, 600 riley ot driv: 


Hoo wae 
Wed. 


8 Data Ayes tite nt oot as aeleble eintee ts cont 
sratcouapte ted) Gnteh aban teen ation gl work en Ure py 


hy. After atecmpied noprovement aud simplitica- 
tion, however, it bidet alien some S00 sides, 

The Badd Ute showad considetabic resiliency «hen 
useatover caved toads at speeds less than 38 mph bar 
failed under moe severe tots af about JOO niles. 

Acai equipped with the Joos tie drove fainly well 
aver the test comsc, dau che tite failed within 30 
sides, 

‘the MacLean tac, sige ss comstuaction to imany 
resilient sucetar wheel, failed alter relatively law 
mileage, privcipally because the wheel had been cart 
stocted fiom eatings which cracked. Hint prewed 
disks similar vo standard automotive wheel been 
toed, it is believed more satistactoany tesa would 
have been objained. 

Vhe Martie blastic Spoke tire (Figs 14) appeared 
tebe Che most promising of all apes tested. Tr uses the 
standard wheel with a por. at the rim cutoff, Re 
silieney is obtained through a sveaivs of radial clastic 
spokes and chree winiktexible hickory hoops compris: 
ing the trescl rim. A rubber or synthetic bead caver is 
sultanized and bonded io these hoops. Hickery pias 
cote: C the edastic spokes to both the wheel aid the 
tread vite. Che qpokey are assembled prestressed) in 
teosion. The spokes at the pot cigu of the wheel where 
Che load iv applied ave partially relaxed or wider com, 
pression, depending on the Joa or fotee applicd, and 
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Bectme Fa. Maines jeep cquaipped witte Martin ciseric poke cites. 


the loud en the tiie is disuibuted: sinong approxi: 
mately iwo thirds ot the spokes. Phe stance defecion 
tlosely pymeachiy Chat of the pneventic tite, 

Tice of these ties sasvived 7.200 iiles without 
viene was sub serviceable after 10.000 niles 


farbure, 
gee Lahde 29 


ties shewed a low of about Uyy inch of rubber ut 


Ticad weal measured) un one of the 


Vawre 2 Marton rdemdic Spore Dore Mabe age 
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speed audover bask aud grayed the gating qualities 


SOO tiles anid about Ty ich ar G00 


wore decernebis be Tre satetacteny tho wath prog 
tie tres batatapeceds more thas Snates per hour 
Mice S)onilee of 


there as dell: notice able cetfe re ies 


driving at 70 ouph, temperature in the couter lead 
hoops was found to be only 12 degices above 3 
phere. The tires wanvised speeds up ta BS mph. Tires 
dchoorately damaged by machine-gun fire continued 
to function, even with 30 per cent of the party chan 


Tan. 


aged and incHective, 

To order to reduce the amount of sabber in the 
te. eP invelgation wars conducted ou the use of 
Neoprene in place of rubber in the spokes. Te ap 


peared that a Neuprene spoke could be sed wativac- 
verily © Phrce other modihe ations aimed at saving 
rubber (Martin Espes A.B, and GC) were couvaucted 
bur nocbjected to fel tens below chic uray ce wits 
tenmanded, 


te4a¢ 


Sethe cad ol the projert. none of the substitu 
tines or wheels was reads for complete and compte 
heave tes Albexcept the Martin Wheel depend ou 
son fommof sted spring ince hanssia for their resili- 
cnc, and thappears from the Lonitedd tests comdue ted 
with thon that af anveing approsching adequate re 
sehen were to be obtarncd. thers like woud be vers 
Tniited. Rye when used proananly on paved roads 
andat reduced ypocd. thoy would piobabls not sar 


CONTIN TEN 


er vos - 


1 Uead 
ats: 
1. Fites 
eiied 
os dant 


in the 
sue ot 
» Tiap 
natisfac: 
L savy 
tracted 
ypeCO Was 


nbscitte 
heompsr 
eponidon 
asap gentle 
oda ted 
eye re 
dd te seas 
weal Tenteds 


Ja psaet sue 


vive one or tva thousand miles. Phey ave farther 
handicapped bs high weight, high uusptung weight, 
and failure to abet: chamaging vibrations. 

The Martin type tine was found iv this study ta be 
the most satisiactony and hy oue tequiring the Teast 
des clopmiengtdl work before it cauld be put inte finn: 
ited production. Wthough it vontains neatly asm h 
rubber as loos the prcuaa lic Ge and dios doce not 
contoren tics ta che requirements, it is believed 
that this rubber can be saccesstully replaced by wane 
thetic or other substitutes, 

AVhile no ncehanioal design is tikedy ta posse all 
the advantages of a pucumatic tiie. is considered 
Hkels that a vigorous engines ing progam coukd pra. 
dace ar acceptable omrrgency substitute, perhaps 
haved on thy Maectin, Aap, Fada, ot Maclean con: 
StLUctions, 


WS EMERGENCY RESCUE EQUIPMENT 
Met Seven-Man Sailing Boat! 


Summary 


A sevenanan pneuinatic fife ratt designed ta be car: 
vied by aircraft bay been developed and rested. One of 
its principal new features is diat it is designed te be 
sailed, This feature ie incon porated: not samiuch to 
pamit covering of distance as to seduce the tikeli- 
heed of wasichiiess. bor by casing the motion and by 
Riving wt least some of the aew something ra da, 
Other (cataresaee great bear and high sides. rogcther 
with smal? bulk made possible by a iwin-tube con 
struction which provides inereeed foo space, addi. 
danal fieboatd. and protection from wind. Su in 
flatable doubic bottoms protects eccapants from the 
cold 

The new saltis telicved tarepiesent a decided im 
provement ovo eaisting anodeds be providing max i- 
mim courfort for the crew, protection eganist sian 
and rain, ¢ 
amid) sins bath in dowage. Eotan be veiled bas ines 


simouHapr protec sien agit ait attisk, 


perienecedd persomned. 


Dupe Promo 


At the request of the Coumnitec an hue rpenes 
Rastue bampinit aft the faint Chiefs of Saft ane 


ace SP ding 
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EMERGENCY RESCUER EQUIPMENT 


wi 


the U.S. Navy Coordinarorel Research nd Develop 
MeN, Av Investigation wey udortaken ne September 
1918 an 4 new airborne paeumaric hile vate Che 
available type ot vat. the Coordinator stated. was 
Inadequate for de use intended. Spectiications to 
the new Q pe called lor (2 masini ceuvlert tor tie 
aiew, enabling them do fic and sleep many dass 
aboard the talt. (2) accommodations dor dhe awe” 
AMM umber or persons ad Che maviniiay dimednt 
of emergency supplics and equipment tor the feast 
weight and sire at the rate. () provisions for sailing. 
wud (1) dimensions atlowdye (eta (it into ihe space 
mamently allocated abourd phaues. 

Valsad an ertiedy new 


These requirements meio 
Taft design was necessary, 


PRoce DURE 


Experiments were started with a standard Navy 
Mark Vil ralt to determine the best pes ol anist, 
rig, and lateral plane area. Pheumatic fabric lec 
beads were Lastened to the rath tube and a fabs ic 
fin was placed on the bottom of the rattan ity cones 
fine, The pnewiniuc leeboarls were filled with water 
awndsopplemented with ab froma hay pimp. the 
fy was stiffened by awe aa blades and was con. 
siruced so thar in could be tuaned inside ont aid 
Placed inside the vatt daaing tests of the lecboards 
An Af aie viast was mouuled on he adi. set inte 
sem kets attached to die natin tabe. ane abescsaiscrded 
from a masthead Y fitings in che bow vane stern § 
Singic UrGeygulia sail was ued. 

Tests on this preliminary model shawed that the 
lechoardy offer considerable stabil Gut diat cbe 
tafe is Muggivh ie icenver uncomfortable for 
seven inen, and reqnites tee mach Spec Un proper 
Hien to tts size the Jecbowds were peniosed wamedoa 
for keel used. bis provided comiderabh angie 
mrem dn imaneuscrabibiay 

Bax dd upan the results of these cab liiab. a new 
type ob raft was destened. and) a double tubs wos 
adopt iin phace et Ue usual angle tule nn erder 
to provid mere usable Hoon area greater divs boar, 
Macteaycd stability, and protection against spray. ated 
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sag SPLO PAL DEVICIS 


These could be consticted to inflate antamatically 
with the mam tabe, 

Corresponding colors are user! for each srl aud its 
rebt attaches, . 

The complete ral, including rigging and all ac 
coworie, oat be collect to fete a standard rad case 
Wouches ta dicneter ane 36 taches beng. Lhe val 
alone, nchoong the keel and inflanable flog. weaghiy 
5RLy pounds and provides a oor aica of $1.6 squaae 


foen in conbant toapprasiniately 6F pounds and 1 h6 
spade feet respectively, tow the Nave Stark Vibralt. 


Conch MONS 


the aft is fall built) anced geven: pectimineas 
tes ander both Wieay and Navy observation? ap 
petrs ta cebreent in desided mnaprorvenent over exist 
tig vpes (Figure 080 Afb pests indicated dha vevett 
Inet Got be adednilery aco 
comlont. The ioftlitable double bottom definitely 
protects shent drow cold: water Comperatnaares. “Phe 
twin tube foateae provides increased: comfort and 
protection. “Phe combination awning, Gononflage 
cover, and raiecateher is water prool and aflords ade: 
quate protecioen agaiiet iain, snow, wind, st. and 
Hight dunpness, ay well asa means of catching vain 
water or dh ieking. ae off tesame provection apa inst 


rodaged in salee aud 


ene detection 
Trouodiiate bieeses. the cal Gtr inde piogress to 


ugh jy strany on light breezes Chis 
mgely on the skal al the hetuynian. 
abt gocs wall, dn 


windward, a 
wocddl depen 
Actass the wind or downwind, the 


general ibe sail, conten board, sad udder equipment 
Ke setistactors contol ove the dat, se dha it che 
new want to stay in our position (the hast kasi 
position is astatiy that at whieb survivors sac mest 
Jikels te he picked up. it is possible for hein to ao se 
The stability ty sctintuctony TE capsiaed, ihe rat 
cap be aybted Ua one min 

baw Hel be 
tested dia aetna sea conditions with typoicsd 
bomber crews filly drescd in beavy dung: cloching 


nphete endhnenion, fhe new alts 


AES Airborne Lifeboat” 


Generb spectherions hate been desclaped fora 
thota bh beat whieh ons serommmedete seven to ten 
men aud whieh can fie cairebion the underside of 


* Faget SE EOL 


a a 
‘See 


Pieter TK. Severna Catt uniler 699 ip soba weit, 


an aipliue loselage and diapped by parachute to 
men cast achite tron ditched: planes. 

For sucha boat which coutd be Garied bya plane 
Similar to the BUG Ftsiny Fortress, it way recy 
wnended® that the lifebost should weigh 3.000 pounds, 
the hall stone Gichaading slits and buowines chanhe. 
tis) weighing, benecen 300 ged G00) pounds. “Che 
netor should be similar tothe Austin Marine, with 


a Weight of 210 ponnds plas 30 parads for atiscet hive 
ons Tteis, 

Two pooachites would be required. cat iG foot 
in diameter and together weighing 500) pounds, 

Phe center of gravity of the dileboat should be tar 
wardeol che iidship sccuion, wad. when stag tate 
pesitiain an die plane. shoutd bear the center of 
eeeineal the phate. Phe bow of (he ebowt should 
not be too far forward. siuce otherwise there would 
bea possibility of che boat's soutping rhe boron of 


the plane tasekige when released. 


Provisions and snppitios shonitdt tie 
mand enough gasoline sepplicd for approx iamdets 
{OO nules of operation. 

When if was dearned that the 
mek pendenth designing them oti ctitbearac lifeboat, 
this project was discontinued) and ue test model wis 
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18.6 RAIN-REPELLENT COATI 


Summary 


A group ef new lairepeBent coatings bas been 
developed to impiove visibility though rain-covered 
windshields. Although mone et these fds provid.» 
prolonged protection, sore are cltective for petiowds 


up te 300 mitates in conditions sinmaating moderate 
nifall. 
Ti some cases. thie 


to heavy 


coatiigs may be renewed by 
subbing even after they have apparcntfy lose ureir 


activity. OF special significance are Sorin devised to 
yeunit application during iin, 

faethe course of Chis studs, the properties of more 
Than 50 sabstances sTivestagated, all of them pre- 
pated i amistores with wax as the essentitl rainere- 
pellent Thes ie lude 
ongano-Lin Compounds, Hikogenous haves, silicones, 
tainaepellent 


ingredicnt. Vatious soups, 
plastics, lecquery, and commercial 
products. Phe most promising combinations appeat 
to be cine palmitate and was, ti-oc td silicone and 
wins: Cetaeocn! tin and was: shellac and waa; and 
dine palmitate, was, and pequinoline, 


16.1 The Problem 


‘The impairment of visibiliny produced by ain ov 
spray ona windshield or other optical suitace hits 
particle signiheance in miliary apendions, espe 
cially with aireralt and with special sighting isan 
nents which cannot be equipped with mec linical 
windshicht wipers. 

Ju order ie connol chis bhuding cect, chemicah 
~repetent 


were needed to provide an eftective va 


ting ta be applicd te the exposed sur 


Pa be esr useful sid cosine sist be ee 


prepare and apply, hard ec mouple to withstand nerd] 


handtiyg. dee trom aaideatable optical cttect, 
Ahh to renin cHective alter Fong exposure to gain. 
Two brogd classes of vision sua faces were comic 


ed those ol phissind these ob ansparend plastics. 


the water wall sy 


(the angde of contact between 


ghos. water. den being vera deprecs an 


- we 
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and tend te diain as a continuous sheet ar filin of 
waltt 
phere 
and usually not campletely wetted by water, When 
rain fas on an inclined sarfeeg ob thts sent, the watter 
scttles as dlat. boiepular chops, drainage takes place 
along twisting paths or clainels, and these relatively 


\sunface which has been exposed to the mio. 


a» sone time, however. is usually not clean 


sive Dexdies of water cose obs Gan and distor 
tion of vision. 

One nethod te improve vision is to modils the 
the 
e tension and spread the water ina shin, ani 
fom, Oausparcnt filo. Since wetling agents by deh 
nition are soluble in water, anv coating made with 
such substances would be quickly dissolved and re 
moved. 

mare practical method is to modify che surface 
with a waterrepellent coming which would give a 
Large angle of contact between coating, water, anid 
air and cause dhe water to beshed in disae calroplets 
sosmall that ches would net intenore with vision, 


e with a wetting agent which wonld low 


As a water repellent, no compound was readils 
wvaiiahle tocqual parathin was in giving a high cou. 


tact angle benween cowting, water, and air, and a low 
solubility inaain. Thos, if appesn ed att the outset chit 
a PVH Wwe Coating possesses ar Tease some of the 
required chuactevistie, bat gatortunately it hay div 
(hel dite or no athnily tor phos, Vn investigition 
was therefore initiated by NUR to hind materials 
which, none wat or anotha, can give afar adhesive 
bond between glass suid it wan coating. 
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fintty for giass. varinas soapy were prepared vast 


heated? fie Cw abseree ot wal eone of thom is casi 
applicd to glass. Vo scties ob paste Ihe 


then nade, Gach campos d of paratin wes. one ef 
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these soaps. and so suiteble satvent, and of these, a 
site Peele miytaree was selected as the mest 
stiitubile tor teacihier teses. 

Le was fel chit cenaiis atu mio attic compas 
night dave vitae, and several teha alkyl fae cams 
pods were sehea ted berssise of tbris achiivesy sow 
tonicity annul fasamabilin ss Pet aechyd tin, wir octss 
fn wed teincacesy tdi appeared ta be inost promis: 
frig att were studied iy mote detait. 

Nitragenais Gases tact bees tecauiended, sant 
several of these were peopatch! Without wax, fenc 
ob these ratt be applied’ aan intic tet thy tor glans sta fares, 
and oven with winx onfy Ine apposed ta be actual, 
Meso ethyd tena aesiyd bewziitazole gives a ifn 
which can be spptied tr gtass, but saree cis urate ial 
is not teadily availabe and since (gives a hin ne. 
beter dhat others abtaitied more caaihy. if was not 
osidered further. buguinukne was studio in ape: 
clad snixtuy with gine pakuilute und was ta give 
sainsepellont soatings which can be appticd te wer 
surfaces. 

Pwelve dillerent srficiime mixture wese syathe 
sired, giving a series ad ling with properties depend 
ing apo che predoasinadit monomer in vach product 


and apep the ranpoanne at which in ie prepared." 
When applied dirceady te plas, oll af those materials 
give fii which we oxnewel poidheble, des repel 
Jain fot ond. a few monsents and shea dood cov 
pletely, When mised with wax, boweser sine of the 
sone Sodas, asset Heese stosy- 


si ave Bite more pesy 
powtabs che orhst wand, tamid abo, ti deasd, 
phen di phetst ui phiens£. and teva phen! siti 
cones Werte bevestigaed farther, 

Finally, imevtipations wee com fscted on a nai 
las of topmorscially availabh: plawtics anda cone 
mesial sainiypaiient compomad. the fon Rabe 
Repelfer, whiels is qnparently a quick ubsing farquer 
sobvaiice cantandng wax, Nome of the plastics ap 
peared te be nefel dnccdy. giving cithe hights 
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perishable hms when usc alone ot man bei by poo 
optical qualities when nied with wan. and al wer 
Uiscatued: except Plevighis aad several “Vins tite” 
which were tised it special applications. 
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the sosspomnds selated above ware applet! ju 
ne ob wo forte give a tpelions coaing: ()) saved 
with was and, Go neeesiay, bh wiinsbie sofyent, ind 
applicd dite fo the smmtarc; (2) pabonerized on 
depenivcd trowe a station on the surtice, alony ot 
with wax, and ticked fe uccessars to give a sbcaat 
ter which paraffin wax was applied lat as a top 
souk. 

fn addition, sperial sosmbinarions of sine phan 
fate, wax, and isoquinoline wes propised in benzene 
aba carbon temacdtoride for is uo wer hays. and 
were apptiod be spray gat. 
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Foebiinars measmenenis were made of the con 
fact angle berween cach rowing, ab, aml wate, and 
of the Gilt angle, ov angie at which surfaces muss be 
nitted for drops af certain sizex to yo} off Hews. 
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Thr ahiles of dhe diferent coatings ta wabatised 
CAT Was Sic asitest it cata mbites whieh santa give 
wm dened digiee of rainfall at ans desired wind 
actin ts I moss cans. peed. were anadk ob the 
fue. whet ach pouty bast showed disragpien ob 
che dropaom asta face, whe Moding began aed 
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high, within yn 
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won po bom bar imee dan Mb aritatios Suevewsise 
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The ea new combinations developed during this 
reseatcty gar vine pablisate ant wan (dnt Ras 
Cornfanuil, Exper ated Type 2 As shelar and 
war, applied ay 4 cibraat and then covered with a 
was topcoat (bite Kare Comper, Fuperonental 
Type 2-0); sine palisisaty, wan, Seqguiaotinc, ben. 
rene, and unon teipachioside (4ntidaan Com 
Powel, bsperoetal Pypes Zab aud E, applied 
fo wet surfaces: tetra og oy) Fine assed wars ancl wtoetyt 
silicone, applicd ay a wibcoat aud then cavered with 
a wax coat, Abough thew nas be surpsswel in dina 
hibly by offtey compounds, they poses the best 
sambisation of availability, eave of application, case 
ab renewal ane desrability” 

Nene af the materials tested on clevetaped it: Uhis 
stay poets ans poumament vale, Hs dgnifeant, 
frowevet. that aecavional byht wiping accoss aan idee 
sented with these comipouneds will prolong the uschil 
deaf the costing, postape teas ruch ae 8 hanes It is 
frli that a vindshich? wiper nightly piektabls aed 
TA con puis tons WITH AGE fe essatings, 

The action of spritedine ib apparenth ddue tar uy 
ability ta dhyphay dhe fia ol watce und cary the 
was and gre pabiitate to the ghey agticc whrre 
tho are prespratadin place & lowed cain entation 
ot quineline (Pape 2 2) apqicave te be mint toc ft 
fis apps ation to stations obgert, Whale rinses 
wath bighes come ntration (Pipe 2 by any Ge usehid 
fen application to abe waeutvhiclus of aisplanes wbth: 
tos Miglat theovagds posits 

Ie appears thar she ab ve fapees G6 Ht a porsestie sit 
tare ce pete sobtace sesereate beet ce fied te netgear are 
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itt competion with a competent jet mranedacturer 
should sabe the probloan ot sistan theoagt: an ait 


phon winekhictd che ing a heasy sits start, 
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Ami foygiog conponnds ineetporating wetting 
agers ay the actise dngiedicnts hace been ek ecfuped 
aol found clieciise ny papstos ity he qnali(y af vision 
thrsugh wataparent sarface. P bei bead ial efter, 
howeses. is onky Cortona. 

Pie fogging ef some opacad isstimimenty wich as 
the Mark HEE 7 telewapic sight fi ise fey suicad cise 
Dembers ig 1942, cain bs avuieded by the ue id desi 
cag devices, 

The rast aitidactony was so prevent dogging of 
windshields ys the dae of internal heaters and de: 
frovters, 
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eactre whore motu concise. og the vision sr 
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give a frossedd appar ance on the snrdace of the glass, 
This phenwimeron occa the windvhichds af air 
euddt. water sat, cod band velucles, aid onthe fey 
ements of Komgtes. 9 fesopas. poriceopes, ane sini 
far do viets, aad im some Cin iiisttices BLay be severe 
sHoogh termake an lestrisrnt practical apace 
aad wehess 
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Uo tleopi sydits feecaitige Reasih doped de 
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ANTLFOGGING METHODS we 


The usc at a desing todestieate the atuyasphere sat 
rounding the siins surbace.* 

Ther ticutive ness of conimers ial ants fogging prod 
wots already on the market was also imvescgated, 
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Twcaty-ene wetting agents (ew able 4) were 
tested to determing thar cHeeiveness by applying 
cach toa gta sulace which was then cooled beluw 
the dew point ul air, dried. cooled agai, and so on. 
Phe nurnber of such fogging eveles through whic 
ald avai. 


asingle application of a wetting agen es 


lain Visibility was Gaken as a measure at ity effective 


ben, 


dost of thew wetting agents were dound to be ef 
feclisve on only the first fogging caved. but sin ol 
them Acros) IB Acrosel Ob boa. baal B. 
Alkanol WAN, DaPout 1895. and Igepon bE Gel - 
gave diated beder resali. In onde to develope a 


mipound whieh could be applicd quickly, easily, 


aad cticcdively by relatives aakiild personnel, 


Tame >. We.ting Agents 


Freie pare 


Manualathiuses 
Rete OS Ameovan ¢ vadanid A Chemical Corp 
Serewol im Amencan @yanainid & Chemical Corp. 


ArrmobOd low, 
Aermal Od Calo  Sinerinan Cy ae 


Aine nica Cyanaiie hs Chemicals sseqe 
ted § ¢ hemnical Corp 


Salt vot 
Nena OU fie salh America (camel © Claeoncal Gang 
ot 
Vand he VOB Board tesnat che Ne anaennsys saved Casnaye. 
Feared NN 40 Spe Pet che Nemmenars ate! Can 
Siar Cartaale and Canbeae Carper ation 


th %: Co artrcte and Carbon Conparation 
Daponed Mtr VT DuPont deNe 
Dupont SE dss 11 DuPuntaleNe 
hac Crevetel Levectil Cart para 
Tze pon AP Bates 
Wye pron Ete 


ory ated Caamnpeanny 


Cotpretion 
Vtasued Be Carbon Coratation 


Vet pitied Bere tr 


aut 
: roy) 


Drain) Bae ten 


polis in 
Peed tt: 

MURA eel Caplan Cope aston 
Wettang Agent « aL Ney rite Cet pant anny 
Aerie ayer Veit ‘ teal Waks 
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selittiats of these ayeta da wolaite solvents were 
thea yacpard and tated Phe test promnun ap 
peated ta be a Sper cont salmon of Sermo OF 


YOU ecard crarttoroeke whi teas hated as fete 


bog Compound bapecmrenta Pyped dant which 


oon be apphed oiber by spuesing ot by rubinng sath 


aomentened cloth. Ehe tdi of weeting agent te 


maining on the glass ix buited lightly with a clean 


sobt doth until the surtace is clean 

Fieldtests at Pape dt were conducted by the US: 
Nwy Ganies Gomutand at Foal Harbor, with the 
mateiial applivd te dhe lens eleawats at icles upic 
sights, portions of the windshields, and instnanent 
dial glases of twa planes which then were dived 
from an altitude of 2Q,000 fect and leveled olf at 
E00 feet above sea level. Live reaulls were compared 


with untyeated turfaces expoved to the same condi: 


dons. 

fo incet a demand lor an anii-fogging campound 
in paste form, Acrosol OL 100°, was combined with 
bentonite, precipitated Galdum cabonate, arahol, 
and water to give 4ntefog Compound, Expernncntal 
Type 1-C. In addition, Aerosol OF 100°, was com: 
hined with “Carbowax 1000" and glycerine to give 
an autilogying compound in the form of a solid 
tack. 


COM MESIAL ANTE BOGGLING COMPOUNDS 


Thittecn compounds on the market as antilogy ing, 
Picparations were aly investigated (we Table 6), O4 
these, come are ctlective overs only a short petiod, 2 
few possess nore lasting activites, while the two beet 
appeared to be Antimist and Gollosize WS Solucion. 
Thee two were tested Lor then resistance to repeated 
fogging ovcles. 
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Since it had been found carts in thay nuvestqgation 
that the durabilis of cven the best wetting agent 
compositions is quite Tuite wad thal trequent re: 
applicdlian iy necessary, atompty wore made to fait 
some oniethad ot prolanging then eftectivenon. bla 
peadblen resumed essentially ny seeking a teri 
That would ke poihe wetting agenton the suitor, tt 
was traced that at the welling agent coud da ur 


porated ana lacquar type coating, a higher con 
sentation of wetting agent ioudd be de peated an the 
suface ane at the swank cine, the gate of sedation ol 
the we ing avert woul be re taratecd 

Smee its iate compatible with ongarin wlyenty 
than ale the other werung agents availaliic, Verosa) 
COP FO) was tested in combination wilh a mitibes 
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ob cesias and Lscysiets. Pechmatny expe rbacnts 
showed? that the mene szthdactony Cambinacian Wass. 
anc iicat purating Actoset with at wateiopis hari) 
qoriies: nitrate baw}, cli acetates and batt 
arriate. Coatings tade boon thie patetial wore thers 
bovted doy abiliiw te withtaad sepotied fogging 
cried id tor thei salisbiit,s whey sompt pb om 
rucesedd at Wattles. 
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The pessitifity of prcpariig coatings which would! 
present logging of vision snifaces by absorbing ain 
condeaed ninanu was studied us ag effort to de 
Velup a teh which wandd priseess stot oily gone opti 
sab giality and resistances to mjurs by natal weet, 
hut alo the propaty of regeuctation, that is, tbe 
ability to absorb moire when conmdossstios Orcs 
aud tee dispet it whens the blo iv tetaned bo condi 
tions of ternal bemidiny end rermperatuc, Micr + 
searchout tBe literature aad a uritia of pc Tiassiinars 
eaporients, it was desided shat the test preaiing 
material iva yekuin bin containing givces itt water 
sohitiota as dixpersion aicdia, Filia i which the 
dupenion wedisat is ditsie with sopercio yivcoin 
hone water to the abaapbeto unl an equdibrini ix 
tea bed at the point where the partial posse of the 
water in the aGuospherg teasbos the value of the 
parelal prosnir of water in the pit) oinowater sale 
tient. 

hapeninctiad gehean ghccriit wane bhi wore 
teaclare pecpaed and tested for resivtanee tae 
peated fogging oseloy ane morn bandding, Atesapts 
wore awa trade tr petntice hard ond highly aesistans 
fifties ty treating the gets with for miattessde aad with 
paetassiuans dit hrenate, 
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Ciwo wig Ge deshosed i open in cither dacs tir 
usnder a small prevane diicrential Atte funsl as 
sorrbly. the sight nas tested lis being, sabpated tna 
Temper shee ob 200, dor 2b mimutey and then placcd 


widdenly bt an anmosphoe ah a tempera - ol 26 « 
and arehitive hamidin of 70 per coat 
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Uoatings wade fare Verowl OD 180) water spit 
Meguer, cthytacciate, and buty) acetate maintained 
good sivibiliny over 1 fogging eveles. Soaking the 
blins iy water lov nove than | how tailed to stip 
then from glaw. by coeds, other dacgren coatings 
tested were stipped completely hom glay. atte 
sacking for only a lew minutes, 

Phew coatings unfortunately pases definite das 
advantages, They aie salt as comiparcel with gliss, 
antl send te pick up dise aid dat whieh camet be 
domosed witha tojuting the flins, Che coatings 
may be remoscd and tnewed when they have lost 
thea cilestiveness, but dais is a rather doublesone 
proccdaie. Lhe optical quality of the Gline is only 
fai, Dut might be dimpraved hy lorcher studies of ap: 
plication methods. Tr spite ob the advantages pos 
seocd by the ben ot these fehins, their disadvantages 
were found to be sufheiceadly ocr daus lo wane Geni 
Hation ob this phase of the vescatch, 
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To fogging cvele tevts, the gelatin glycerin water 
Hime withstood a comiderable mmmber of cyttes, 
fan they were found tot hard enough to withseand 
nonnadl handling without jury to the surfaces, aed 
thon optical quality OR mmc te be devine. Attouspes 
toharden these Gling iy cbentical eatment were not 
mtrostil bos dhese peasonns turthar work on this ap 
paowch te dhe prohlent was dix ontinied 
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comodo pect ab appetite ations, 


Aim Dest ation Destcby 
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double windshields, and sindlar vision devices which 
are subjected to large pressme changes, anil wen to 
offer the mast aitisiactory aud positive micthod to pre 
Vent fogging of suctodecices. Phe style, sizecand loca 
Hon of the diver would have to be studied dar cack 
particuba inset Ubedrying tubes may be made 
of taayparcut phistic and hlicd with diving agents 
dmpacgnated with jvdlicaton dyes which iudicate Ly a 
color when the diy ing agenticqunes tem wal, 
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view gave acon sniis special oak about bo nih 
Wiathed by cousmdaabbe Covnation and vabratione de 
vatsespertad char beter bull design and cage (6 
propeller peas cattas availed pese uipreced beatae 
Allee ; 

Pde che sty eot Uae ties propetcr porusats apy ration 
ase Sv adlew watet cemmssdesabd: faadledt wath onaraar 
growiity 


bigues Ehe Probless 


Nosune disk: prope Hit cusisnany: ad att ony 
disk oh 


tessetar stabs wae eds ateds 


Jresr rel port taalls reissereese ed wasbet 


TL ee 


+ Weegee NA Late 


CONEIDEN TEN 


SZ 


Pdar Nae plane pasonned boat eqtmppedt itty 
aie chek pirapetir ander was at abet $8 pte 


Aball a Site, ad been praposcal be das daventen* 


fon ove in sitallow dak openciony da bi aay 


UO galion way initiated to dytenmive che nie 
sHranical teasability, priccticateitity, aad rebate clk 
tines of Cie device 


sical Procedure 


Diy sine disk propelice (big ite 20) way instatied on 
AC Nay Mack HE Plane Pepennel Boat pawrs ce 
with a baslinds, Ho bhp engine, With sew pre 
pidsion, f6 Lop speed aadiges trata 2h to $0 nyph. 
Ys order (a accamanxbae dhe new propeBys, the 
tigine way plated in tie strat abalt a ply word both 
fwad, and te (uel Gnk was moved just abate ute 
torwatcl cookgir Hhe atter deck way extended: fore 
ward) ie Uhe Lulkbeadk asad ic snibatile fate haas onal 
pobete were ete att 

The propebliy uisel) was desygied) wath ihackr pos 
Sihte Jongiadinal positions low the tanscerse shaft 
ascmncal or height adpasmoeae thooagh a consider 
Wale age awe bivasdth qliote sami; a series at tbter 
gears Which, with au antes pened sage gearbox. 
prosededd six engi to prope Ur sation, ancl ic wacte 
ange od both Hat and was pea disks at Varsity aaghes, 
datos, aodd portpharad shapes fo detec the 
vitect of anny acd sega 


Dosis awiosob waniguple wept poters woe ye 


1 Utiserstons ac aint di 


Ande tour angh ahd ann & oyiit wouibiy anions 
we verab bea args phy waned shenutbs aed betsrage weds 
veasstpie tosh ber a stay oof chic edt of battle ane 
vbr outing 

Woh thaveagnpie hs trub wit) rus on the Saga 


we GE Nate Patter Phe ces Shabir 
te Phe tigation & as roth ted fa 
Wo dug st oy NTE 
2 Nee Sen 


he bd 
PATE Abe Tims 
Nee Jed 


ftein Cea 


Ve cant tu 
qe Sporn a Sty phat 


AND rate OE AG 


aaphos 


SPECTAL DEVE ES 


Naw Riser tod i Nagin Bas clini the ype rag 
An sontger of FUEL anclabsers adios were tage on 
4 layer nuabe ol asd ascmbl conbbissarions (hap: 
wre 2by Spsciat duns were made in weed choked 
Vaioscaver sha and ohsincionns, dough Rota, 
anton beaches. Ms on adhd Capermont. (meng 
ests were tivede waithe dhe beat aceeteneted: fy ccs. 
abt tawdi 
when the dine was cast of} and the text host proce dled 


toa speed above Hie stern cddly iagigy, 


tle dy Own power, 


‘sat Resules 


Che past specu schtesnd ham a sauding 
NOt in Chee fists wae sheet FS ph. Cat citas ian 
appeared to be ome ot the itost aitical actors, pet 
aps the fimiting ones ane particatarty inthe easter 
Urals, scheint Way aC, 

When the teat jas tanwcd tala specu abave the 
Mer edds pauge and ube refed, ie contd aan 
16608 Speed ob LS cee UF atest, 

Listvol the thtce faite totans of dish mvestiganead 
flat, warped, aiid tomoved waited an a iiipewnd nt 
dittted Chat the warped aad the Mipseidh shapes 
give the bast resafts, with the warped Tepe jis ing 
abightly enranthar upetaion. 

While it was dound powitke to bauer and dont 
the diskyan hard grovad, it was sircaadty impossible 
fodonos thei prop dive pater da albat che tag ine 
growths ia whith the be wots tered. the sane disk 
prop fer appeared iad, crtin ts smainie te foubiag. 

Bh buat scecucd setistue cate an adh beet Use ce ey 
bowen spect 


fond Ganchusions 


The cori specced tehicved abet BY yat cent 
sed oSprctadd appeal ta Ge fioutedd by cautta 
tite 


smtsiGbh cagaae to ptap tar tats, aden 
teetled ds gredeat arccuetsiac, aad ae teal dlesager tae 
sttastaetony dan clits tp nf potas fer 

Fuster ecevctopaneta nay well be amdeecekon oat 


2ppeation ad the ain dok propetion ie de plawiny 
: 


in ast fil Ss 


Pata hy bq specd 


ses eset be 


at amid fe Che nospliniing ope, 
Where thy adhvaasges of stato deat notteuhe ye. 
ancl ior tueatadieiafiay can fe ues tub © 

Undeyps dort otscrvatenes toa ca the cacehinde ss 
that die ests undesneken utter gle altbe weet 
tome ssyuedt ter pooped the Peat ptoperts or ihe geat 


tates tems hag har the citar do dace disks Lage 


CCINELDSEN TTA 


pring 
Jeon 
(Fig: 
ohed 
SP, 
STAR 
1s 
LT 
cheat 


TOLD WE CEUEER STARTING Bia 


chough ta give the necesass prepabase thrust Ne 
sHuple, practic iuethod wax achiescd: ta perasit 
CHtGP tidisis of (be perforate of dhe sime-tdiok 
(wapellers' 


Laid COLD WEATHER STAR 


Tothe sauce of 1982. dhe Ohdanee Deparneni 
vetigatian which wookd fac ilitede 
stag tank copings aller thes had been oxposcd to 
OF Assistamee was te 
quested spociiicadfy on the edesclopament af ya 
Shuto wtangemenr apended trom inside tae dart 
for heading the caging ans} the oil fines hiring sae 
To periods, Q04@ primer pani tar oil ditusion, (%) 


wequested: aie das 


Tompenadtares as low as 


sputce Nesters lor aiate taining minimum Gampere 
ties ob re db dining nonope rating periods ane 
for beating the betters, ail bor and caging dus ing 
stingy Opolatiers, CA an iancgsiaa heater to dn 


Bh Prayers OUP de? 


operated Drom dhe storage baton ta heat the oa) ie 
fhe resciten, and (3) a comersion hic ta invtallanen 
at tbe above cqudprestt on bupks a crvice. 

While this save tigation: was uitder was. (fic Anus 
iteclt he veloredl etre: 


apprared saiistac tory. 
and seseral primer props atk space heater desias 


were thaske vatlalbe da cosine 


Megot eimphiisis wee givced on rhe itiectstan 
heater with a desig boul) being dovoped tea a 
cou to heat tac off an the sides wad botreut ad che 
Toor set aid around she veycruoi ouder at the tase 
at the hopper to Laborato toscy with ond boev aang 
«penn peice ob OR ubis uuit ccqited MW minites so 
swim the oil from 16 Foro a dha sorte 

With shee deselopments and: dhe cqiipment ina 
steadied on suike tot the wonter meade. the Chdpance 


Depattinesst sh acd that the work wader (he onygal 
ditcutive had been successfully commerce. sul be 


project was to mamited. 


Gale) Header onan ves) Fea Ganeral Ebert Oe 


NebrueGidy. NV. 


COONTHLEN TERT 


Nain oti Sic etre Wren mv ao ince apn 
ee en nntemcasie: sent ees hte nae NSA 


Chapter 19 


SPECIAL 


tt SHEP TURNING RESEARCH 
Surmnary 


Rak KR te investigate: the prism spal at Savtors 
] setter ttsig the tanga af sings, paroontar ts aft strns 
os, a nin, hassis o construed gad tear’ 
robo Eobo far sed ais at sorties ob asods by copte seettiany, 
several Vatialiom of ronbd: ash V betes detresgyct 
finds aed eu a waroy of Fras cose sing tbe tr asisiciare 
frei destiaye, te FUE beat proportions. Sdutiieiad 
suardion Were ttle on actual Navy Mrpr. 

Ta pened st was fected toa short racing be 
sere by a derp probe bor ward cad vhalfow protile 
aft, mneath atttrbanty sey Git, mead diyphace 
mont, fein podsdens, and the preseber of bilge Recs. 

Acahe tenia dion ed the project ander NORG 
digetions, work was continued andi Novy supe 
tion. 


Wad 


The Froblew 


At the seqraat af the Navy, wath way wntlersaken 
carly is BZ podatomine the ya mneipal hull factors 
alle ig the tong ob ships. be eseataned wat was 
The impr mentob sade shops ay dhesercayy ts. which 
were Dedieveot tr aalor parsicutartys tion stele ivise 
asring Cenackremtes boast semmperd phat tts ss 
Seabigatiets Mteaild begin with teas of vvstenatie dal 
Sapatiobs go asha Gr cstabtoak mands and preval 
gemnal backgrosnd aif fronted bate re bade a atady 
ATR AR 

Lr maar evar ieag ayant ay cues aw atiap HEE 
freapeatty tan shetph thaneh HY ap saan EMU shee 
grees Rwed the laghest nepertanse that prs Maney 
Son doe cots aecd coat gy wath serene daenaag sed 
vey wath sooceinns fess gb ape edk aed OG waiherut ia 


aly duet be behasse ot a slp sss srecbatygs see ty 
tras approty to depasnl wpon rds the fons ab the 
ictiebe tnsttyt bent Oe the F 


wut, Hi the petticoat che pautdia sn paabdsss sn se 
Tatton te thar at the proper an ptope tors, ansd tr 
tha sges haat the steps 

Bofes GPUs ifn (apa ot 


festa ois fBas ponte s ob sends btutsintige Fests st 


ite ese st ee 


thos ced cre the B gprnitec nt) Sod Esaint at the Ue ate 


cigtone Meats Sued Dhiew ueti Heaiedt re potetist 


STUDIES 


FSG. sap aang tomencre nance ie Hie Sh PHS 
Tustitisic swimming poad werader to obscyie the heed 
pt adestroyey tiocbed clasp sing coarse. Lee tee, Rogie 


Hots ob dice uanpedtise moturbssat desigins were 


PERL sty. 


mathe ih ibe samc has lager swinniiay pos ae Ca 
Traber Craversity. ro tG band 19d, a tomy ative 
study wats tide by die Navy at the cary ub mie 
deatiayes mice cet ites aie anede ds i au efor 
so divover why cesover duaming cite aie rel 
sively Jarger chars stain tacsting citelos, E bese ely 
tev newer) Ghat (1) fan ising tests of sanadd dieeteds ac 
yonetally wtistactory and @) a fank somewhat bo ges 
and mare cerivenieuely angarged: bane oo ww inser iat, 
prool is teecossaty tea Baaralle ary tonsidentbhe vahaite 
vat work. 


a Procedure 

Tord: ta canduc ca oncatigation requewed by 
the Mhecan ob Mipae ar acces ber coasted ta 
suitable conning basis arn ar exqteip & wide the Lac iti 
Vor mccwars far dnvevdgating she sen iisyg isaac 
ation high speerf vbips. Ghis was du ssved fn sacles Us 


PeontCainad iisivaf caine Gu mags vagal attention 
was, however, becused on deatraytrs, whieh then wets 
po stot sistng ssatsssbanas atic fits aasel which reqnacd 
Ueto mane nye sisi. Fhe asst asec tank ball 
for tay purpenr is 75 tert aguas and iy fort deep. 
with a 2) faut evened atone cocnce ps pros uke ad 
shetoiad bogtlt fot abaight apyeaach ran, 

fy thes tack, thre ccriespuiaiee Ha BINg tess wee 
sopdteted: on ER fad canter Gf ic come betrane 
sharia on OS bed cantatas of a Chettiar de 
stn Shs tab bea aise ob fs gemed traning, ard oie d 
gieupot V beotion dolly shat pose sd cite ts RUN CeC 
from destin te PE deat proportions, Obbiy test 
ethane the cffeet on puri ob bap tatty 


appesselages snc as bilge Rect aud of elesage ste 


gplagerae nt 


<b stare Latese poteryee Hee 
spond Sati al ont anaissa ad studies were cares 
mate ttactead date derived faomt Giak ated for the 
Nevoets 2 saeneds aad it stapes. Phe datral puddles 


2 Phen evra bs yg alee eye retain be chee Seen can Poster te ot 
ee Metatse KP nteler OME seater tb Mf Pot 


ses geswP pap Nays 


sate cette mam 


pStow es 
the heel 
J tong 
gis were 
al aw Go 
Tp ad ane 
Kol twa 
auctort 
are vehe 
wry edily 
adels are 
att haven 
POT 
vobime 


rested by 
nsthact a 
he facil 
haracter 
bork a lo 
AttCUCIOnE 
len were 
required 
ark Dred 
cetalerp, 


ovtde ah 


do bottum 


suntel cana ot 
TCT 
ther teats 
Po vaeints 
WALES be 
Pieces 
prope tla 
tocapacl 
te ter the 
ad naackele 


oh Ma bes 


SHIP TURNING 


tence of a few representative mode, both in turaing 
aml in straight dine motion, with saw, was measured 
and analy sou 

In general the lets were divided mite two basic 
types 

Vo Pde neasimentent of the sppreach and parning 
path waons conditiany of specd and rudder tgle. 

2) Phe ineesurementof dhe lateral sudder force in 
free Uiseriig al vara 
eral dl force and bull moient in sigight-line me 
Hon any 


warueldlee angles coed of the lat 


Wes yt tvigges. 

The fast group concen the geomet of airing. 
the scooud, the dota operstive in stecring and 
Lining. 

In addition to the taming testy, resistance testy 
aromas of the aiadeds investigated, 
particularly on the variations of a vound boon de 
stroyer, ancarder to show the fnilicnce upan resist: 
ance of the hall variation under investigation, 

Various ofher projects, nearly all of chem La saring 
directly on the tang problem, included compara 
tive mneel tests nade in cooperation with the Pavia 
Mudel Basin, shallow water teste to inavedigate: the 
possible clea of shoal water upou the results ol 
tactical trials. tevivtanee testy ol beayy disphaccnicnt 
modals, conducted athe request of the Wae Depart. 
ment, atal the design and construcion of a three 
rompopent ridden dynamometer for use at the 
bavlot Mote) Baai inomeasiiinag the ditt drag. and 
tortion the raddar ol tage siodels, 

Sere cet tle bore gota work way dma ripte rd ac thie 


were thee re 


tequestud the Navy lor Ligh priotity measarcsments 
beh pads of Gieeiead data fa ined of some 22 navel 
Aeweds, doe be used by the lorces sfluar, and tor thie 
eNceutiod and analy of full wale tactical triads of 


Psriaval vewels Atbef thin work was covered by sepa 


fatecontracts with oh Now 
aaok Resulu 
Bayon anoniteets sotetansnesl Ew fee tiie Cond 


Tract wa terminated! and tiie proqeat trarstered: to 


jareile: te tia rertam over aircon 
Chisvonsci the pehatenedap of tial propeations aud 
tana 

(Pr 


peeble dtp cuban, te favor store tarotiig 


tede NX obec ga pueohle fone arad and 4 sinelbens 
Ula stern 
Oba stap tas co prenounecd: Lena motion slong 


cubpnig. aed a deed petite abt mioiniscs the ct see 


tee thease diteotierin UT bas as astntatedt by testa at 


RESEARCH awa 


abnenmal itis: static thing by the bow inuproves 
toroming, while swauie time by the stern impairs it. 

2. Phe afferbady shape. Smooth alterbods sec 
tions -that iy. the absence of sharp chines or angola 


Meetons capi the aedoction of dead wood a removal 


of a skeg improve turning. 

S. An inereas: in dnplacement, displacement 
tenth ratio, ot brea diatt alin Shybdly inprosves 
quimng. 

1 Athough the Propellers of a turning ship de nat 
both rotate at the sone rate, even with the drove 
remaining wncdista bed, 
model costs wid all propeller. rotatig ae th 
apecd 

5. smaller quan 
teddrr angle can be obtained with ships baying (win 
tudders ifthe rudder nearer dhe center of (he tan is 
turned anore than the average wand the arbor rudder 
iy turned tess than the average. 

6. Twioidders ave much more effective dian a 
single rudder, 

7. Phe presence at bilge Acels results ina vedic 
Gon dn the sizeof dhe tang citcle but da an inciease 
in outward teed during Garping. 

Asoteletion of a lage amount of (actical data has 
shown that, when Cuining da cheales of simuibar size 
dacased in taaas of ship Jeng). all ships tive 
much the sine relative turning geomeny ne. ttl 
Adner, transfer, and spec reduction. Elvis indication 
Aas senplited the approach to lurdien seudies. 


iv salastactory to conituce 


Perit) 


yo cieles with dhe sane average 


was KRecommenc ations 


Phe ultimate sam an these vthe 


vestigation w 
developaicit al operational data cover a sult 
rently wide saniety ob danas of underwater bok, 
rad det area anc asgh snd sumidar fac toay coat the 
results coulit be cxptesscdiay tanetom ol two three 
paramictors anvolving afl ot the Gactons iithweie nag 


These 


Inetets shoukl be expressed in such a manner that 


Oe pofetinanee ab ship na caning qutrt 
Rica proposed shipopoating ander proposed con 
rams Cie iba ter ot the tusnerng crele nd the bass 
Ob specd canbe read drome stcdle fori ot chart 
Thocbhesscem the future, bat the anforaatiag 
Towarel obee 


aeapanet smarks connhaable 


Phone ss 
sal 
tthe termotanen of thas propot unde NDIRE 


Mes Was abreaths codes wat fenced fot nagar ob 


peetases Bac. ree asmenent ol done. al ferersrsiy 


CONPTIDE NEDSS 


ARLINGTON HALL STATION 
ARLINGTON 12 VIRGINIA 


pope | . Pee SON 


ES RESPOMMRLITY, WOR ANY ORLIGATION WHATSOEVER; AND THE FACT THAT THE 
GOVERMENT MAY RAVE PORHTLA FURERAED, GR BI ANY WAY SUPPLIED THE 
CARD BRA WINGS, SPRCLICA’ ca DATA If NOT TO BE REGARDED BY 

DOL ATIM OR OTHEILWIEE AS DN ANY MANMER LICEMMING THE EOLDER OR ANY OTHER 


| Fas Gi. GEL, ANY PATENTED WIVENTION THAT MAT It ANY WAY BE RELATED T 


es ieee 


‘FERRO G2 SOR PORATION, OR CONVEYING AMY RXAETS OR PERRASSION TO MANUFACTURE, 


f eS: ve es 
2 ? ee wt ‘By sald 
, aoe an 
H ° . 
A oe roe EERE LIES PLIES UT TORE PME, RMIT En SATE RES TTT FE BET ETS ee 


ys APECHAL SFUDIES 


Cla ac ete stonid be canistued on tar more oi 
the group ot menlebs represcaing « Gpical apeead at 
Suits, Phe data obsaiued in this saidly sboukd be vos 

related with the vations pb tation ty arertain the 
influence of the sesesal hud) cauiabies rep esenied. 
On dhe hasty of dhe Talorration obtained trom che 
two foregoing studies, tots shontd be comducerd sys 
short, Gatsistent, exploraiory series ol lmils and car 
Tinh otal so show abe typr oof range of hod! variables 
which itast be nuiventiqatcd ty pray ide yenetad design 
nip mation. Thea, asa doping) wep, tes should be 
sundae tod cn a rote Complete seria of hulls to pre 
vide Qulanecuial data tor use ta deviga. ft appeared 
thar hature insevtigations sboald be directed toward 
obtaining auitable emphical data a7 that a lari 
theary (equations at metion) can be taaxtormed isto 
watkable doaigo intonation an caning and ate 
my. Achievement of this gost woud siatk a sonsittes - 
able taymeveincar ever the avaiable “cutand ay” 
wethod baw og oie of thins dane, 


9 CAVITATION RESEARCH” 


At the reqtest atthe Layla: Madel Basin of the 
U8. Navy Bureau of dhiya, work was begat in the 
souaner uf Witun aetuch of de cavitation pradaced 
by various shapes of noses and tail pieces’ Befoss this 
ptoject was terminated, @ water tanned was can 
structed, together with several interchangealde now 
il oe supper tung cytinds teat shaft, Each now con 
niined neresits hauls for piesaten ie att aurcenctite, 
Prosiians were abe betag sade tor high speed plo 
tographic recording of the auser, plnsical totus, atid 
chat cies istics of Cavitation us the speed is gaactially 
re reaed fan haw tes cas (lating Volos ity 


WS JHE PHYSICAL CHARACTERISTICS 
OF ANOW AND TRE PERFORMANCE 
OF SHORY VERTCLES 


Samunary 


fu adternpt tcc cottelate the pettonmatvc at dit 
derene vatiles, dactaclaig the (Weasel op oiew chs 
actioned by ditterent properties, 1 was tound chat 
vehicle peufonmwaice by aticated bx tbe density and 
depth ot the stow, dic poe cration: ite the snew at 


2 Pragect SA 

+ bia taieigatiag was condinins by the Hydiadie Me 
astth Pnsaniie ch tive kane tomsciin at dowd Lowa Cig. dows 
ance ORD contd Svat ThE face ringer Che sap casio 


rrosantemt af chic 


differesst proud presnies, the we 
snaw, and, paruadarly, the sheating strengds at 
the sew at different gomid presutes hs general, 
the shearing stvcrgth is the pine ipal controlling tac 

- finiting factor soy maxi 


in ain is apy y 
une cloak. Phe water coment of the sitaw paratich 
She Ong, womdiion on saving anetad parts, anal ie 
High water catene ty cepGaite types al snew dash 
cally juwers the shearing shength, Depth end pom 
Camo aflec Coperating on the tevet and on balls, The 
deasity of tre snaw docs ret ppc te have a diteet 
Deatug on schicke performance bug is invabcal i 
deta ning the prapertions af ait, water, and icc. 
Phe depth as such dacs pot scot to adest iy rolfing 
toistanee of the (hd le aut ia important ine its efter 
or Uh penchaties netrssitty to compres the snow 
sulle tently bo appeae the schick. 

Gotrefation of these factors with mieten ologival 
comlitions hay shown that it iy posible ta make satis 
Jactny furcedsss of sebidke peformante not merch 
for a periodiol 12 te St hours but, ander cvetain cr 
onstapies, dor esc days alieal. 
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The Problem 


As pastat the development of the Weasels is ap 
pearcel higidy desirable ta caduct a patalted ive 
Ration On Sie teas over which Mis mow venice 
way eapected to operate. [eas apparent at che outact 
Shader ond wese the mnapor physicals chiar acta indies 
obsaew in den rehationsbég to vebicte perfounatter 
prody umivtataes, bar even the ident ob wang ot 
these chararterities wae unkown. Pl way fibe tie 
eidont thatthe propertion of saw may Way Over ate 
estreuiely wide rajige and oa, change bors one es 
HeRte We akether it a vers shert tine. 

Since the Weasel was faring parpated as both» 
Joo pealvned a tacnesdiebizte lar iave dt char ate 
Toe ap casa fui peliaaanae sf WIL Bye, Huy teh 
(rat thst sor aststitional invesdgation be conducted ou 
both short anil fang Mange forceassing OF sw Com! 
ore Sacceostulimediads duived froin this phase pt 
Une stanly wounds) wuska ih possdbobe ty dadisare rhe gyal 
thie aperd, buts tubing, abibu. aud maneuver abit 
visa) she Weasel ovo a kien terra well 
vance al dic actual operation. 


ot Seetuat lot 
“sass 


8 See Chapter tn thas sdauie 
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PHYSICAL CHAWAC TERISEICS OF SSO a7 


rocedure 
Active work on this probleme began in Vagese 
{472 avthe Gohumbia dee Lields, Saskatchewan, Car 


ae 


ethan the tists at the bie Westnet qrideg anode ts 
on ine athewan Giacicn. isidinienal work was 
cated out tbe Gohanbaa dee Fickls in Ok tabes 
12, while othes stuhies were ade at Canis thale, 
Colorado, hom Fobruaty to Mas [943 asd ai Pink 
Kae Notch, Now Hanpsbire, in be biuars 1905 


NOMENCLATURE 

Sow as it appransete dhe grouid mas te claiticd 
aa lresdils talca snow, settted snow, coasted snow, aad 
fry know, anid eaehol these broad grasps may br sab 
divideal into svcral subgeups determined bs cond: 
fons ob radiation, wink 
theit fife bitans, From the point ot vuw of veld 


and tnpoanne diving 


Poformanee, these sariat fy pes of spew nin be chas 
sthesk as dolons. 2 


A. biashly fallen Sum 


1. Wet flakey snow demprotiite 32 to 1 Fe wor, 
highly compressible, and coherent, density waving. 
from Ob toms. wat cota up to 2% por cen 

2. Dry Makey seu 
plosvble and cohe reat: density aban 0.2, 

A. Powder sow, dry - Lemp natine Vaasa ghey 


temperature 2h te ib cots 


trom about SO b te about bb: somyprenible bad 
poorly cabqient, denmwt bela Q2 

8 Pough powdes or flaws snow tonperatune + U1 
fo 2B compressible bat incohercnn density ae 
the sacanny ol O02 
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5. Watt aaa tomponitire blew about labs vars 


Matte. Ihe “diame ln’: denies below 0% 


Bo Nettled Snow 


ho Nantoughened vim usudlle 2 oer mere days 


ald: dots 02 te 8 conpecwable and coherent 


7. Mas 


terghened nets ae apprcciible cries 


Ja brs desi 2 to G8 copresable tat poor ts 
coher 

WStrete sandercne stot Chial fray bee ae de pent by 
with oesurig at lew cestpe ities and peserbliag 


fosigh powder srew pec iba sacepet rbd ity atcaes 


VAN ra tealel 

1 Pre paved patios Wane wet Se ptrenniee bet ites Krew eb 
fon Felted Deveaue Mradtvn Nan te fee CNBCLE 
COUT OP Ms We stl 6 ew ate ab tie Neaea grin 


Nas 6 step rater ith perv eappheet te ihe Siete 


Veabee Castpect strose Sethe Beek Goalies 


Und slab a eseunbivs sow cries 


Linote aagable. sine i loess not adiere te tbe 
(Note. 
dushiens, Phe comnmtees, ate focal phenenusia sad are 


srtate sartdaec tanith AWinid slabs and sinew 


Od HUTTON OTE as donze, 
10. Saad wen occass at exteemels low tempera 
firs. meaherent ana incompressible, tough lth 


sand, with no ghate: ho nsiny abrene O08 be 2, 


(. Catsird Sneie 
Jight case may be present on top ot forse wow, 
bur arong casts are usually supported by dene 
snow. Ganving sheath depecy aegaty on tick 
few. bre the relationship was aed dere anned 
Uh. tend entest beesned throagh the dying of 
cohaent aiow, asnally rough satacc with chavler 


ad cteaderr atk, density OS tos 
12 Sun crust donned through repeated clung 


and feeding of hemo. su dace ey pow lo sanstane. 


Vosaual}S sonemotly, clerasdy G4 te 5, 
VW. Rar ones formed through tees ving of the 
snow cover afer rain, usually baad) dike ice, 


DD. Fara Serene 


Phiough tepeated ruchting and teesiag, the vow 
develops a guduiar stitesure, wilh a fase cfuse 
orig cold pets cetglicy and @ qs, pranala 
composition iy wate poitads (eben BR ce (pes are 
noted 

Th Sprang vee Dighths gianddac, dena G4 te 
Do wet with wet contunt abouds per ancin tbe 
midkiie ot the day comprewible and veberesst 


19. Cena vt on eetced onde fern sect Latye whit 


tah grams With temhones to tees water content obo 


Viper won thee uieedelle of de day clini ahem 


5. poo coherent not vers cospersetele 


He Cleese frre erie hege cepacque igs 


a. Monae 


bares be. FEN et 
th pw 


wl seqgey) water Comptegst abet 


ent dazang asus spa dls gessasy 09 pe Ot 


comptessos and cobs stom cxtreaicly favteed 


Si 


Nase berets aged Cheese caine ca caste as f -treriens thir 


suptlaeee 


aot the cheave apes bet na oie 
srfticde pardoruanse 


Vive eaesitre ate hater coe che deorc genoa: cerbene sett 


foe coed ten atic te sth afine pe genes 


TDM AE teNS 


Tit palaceesting thy ae torad woe aeeenco nets pee bee uy ede 
perisiandy thes to be take cn (he Saehkate de weet 


Ce bacs et wae EDD bieee teen pet tie tpl 8 taeee fe! 
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ata APPUTPAR SEU DIES 


ies coset be Cartiedl cut on tha prs tag 


whom ahh west tothe oper stig: cehtele, anel (2 
Ube aspesscatdl setups steal pot dither stgeede 


earthy free sousest ys 
Thar cdie results coudd be contpared 


Ode saveey. Clee wesgdie ot a Ravowre seedsuane leat 


J ofiters af snow was delenmngf with a spritig bal 
ance. Mhet aide at wands the same Cane at the 
sane focation, Qe mcamreni ste varicd about lore 
Pypercant, Cider the condspiensan dhe Saskatchewan 


Glace. the observed derastacs were Darwen 154 


and (60, marking a typical heayy aio; bri spite of 
the lact that the density, camaned practictty von 
sant and theretore was an uappropy nate facton toy 
coptnatile Palio an at pat ikea, he sty Hes MEETS 
were mide Vhiragghout (he cHrine parted et ob ie 
Hien, Groother ares. parcicuba iy at Cams ale, 
sala ay tow as C07 were bound 

Tempootior. Phe temponetioe of the sia was 
teasuses| Cota 2 taedies below the susface aad re 
dated vor Close to 32 EA O07 bin that region. VI 
nt pis at Sed fect howescr, the sinew Vesa arn 
Mhopped praduadly from So 3008 Au Gotpaatare 
mcascced from b tod inohes above the saw ai lace 
Adie according co weather canduiensy dren 2b b 
HH COU) MOTD WT bate war alterioon. Vir 
Compenacie showed a market rekianstiaye. to: the 
mechanical and phvsineal pwapertesob rhe sew. vith 


Te TOM peTantey afiats acranganied be faghes 
Wated content, tase apnea pc aee tration, tried deere avedd 
shearing vaengih Quick amd temporary varistions 
TH temperiiipe, Caused By sucaien breezes or tote 
mig dowd had nao uieaurable opthsence on stan 
propariins 

Water Contend thy heat oi malting af a kuawn 
Woh of saw wae detoraned cabotisaen idly ane 
weve the water content wach, varsang tras 2 re 
deere Uhate 2 per erat direng aw sri daa. way tons 
foo ta Tete DN commected: with shewting stomped 
atl ponetnation Vhs great a wate comer dae 
softcore and weaker wae rhie view Wtctancop ie obacr 
sation undies that thas ssehits tothe fat dhateach 
sponge snow grat bees crvehopert one thin bhi 
ef water whitch ned ots sitereupts tbe aot ede bog 


ebtbe particles Tan ar tuahh boa etorte Tobe atins 


CHeet Pasaefe auntie the gratus sean in wan 


Nosmotharhy stusbeng coats bation wore finn betray 


fighe warca conte tt acd ean of the metal pect 


tho vetibes Thom: beeen apparent wher the water 


veeen ve, avai sett wis bw vets 


SeveTE ED por cent 


Scares Strength. Sette streams rete wre 


contuicted by shai iag atl csnes cola sappented 


Usptessadiin pa 
Pie accuracy ofthisu ststouddl nat be over siieiated, 
since Uhe siscaggth et ti. sme cadamins i dae tubes 
depends considera hh upon the methol ase dite Grieg 
thn snow inte the tubes. TE the same procedare is tal 
fowed ry eke cas Hi micasatomients cat be re pio 
diaeed widtin 8d por cent 

She scree sPenpgeh usually showed avcry mesked 
change dininp the dav. Viver a coef night a was 
alien toa hagh to be measuaed. Ue loue LOMO heas, 
alta the sun had worked on Che snow dor 2 or 4 
hours. Values of P30 LR psi were obtabad bows 
LOO Hovis the shearing, strength dropped vers 
quickly andl in tbe carts afternoon ot abut § $6 
Doors reached valves of O80 psi ane less 1 clonets ayy 
peated dmg the dies, dhe drop ie steading soe nytt 
stopped abmapuly and valacset abort Ot psi win ob 
served all during the altmocn. Moabout 1X0 at 
170 hows. as (he ai tempenaraie stared: ta ge 


down, the sheat ing scagth wicca. 

Thihe maghs were warn abou S6b with sheaing 
sength satay ob abeut thor OK psi. dese values 
Wropped darting the dy vay soon as the ste tanelicd 
she anone sei fdee, Gna clogeds das web fiddle ar go 
ercet sunTighi, howeves. the shearing smcngity ae 
mid constait Hiroughen the clan. 

Pen tutien, Voth tot. which was citried om 
paaaly beedtve cariig workers tack regan tosh a series 
of sth measmements, the depth avd) poner ain 
wercomeoned bud woyhe bling drone heahy of 


Rb faretie ss sheos es thee vga: he valves aaitbet ba tone 


vested cbarecthy autes Qa Vadianad gierstity, ibys 
compesstbifity, Mott aeengethy on rhe tiki dhe 


pene atiou vat be aeasured i a fiw seconds atl 


The windiest tots cheeked tr thent oe oO 
contet (her own value. Poth ioe alter a coal 
boghi. pene tenes vas usally pound os be about 
UES eb ot fea tact iste at tbe had, chil sacs 
vo thie Saskate dec wo tebacter Satan abveranay the adlisy, 
Je Bec ation increased! to about 2 pice Samet aie vs 


varser pavers te an the Maer deg spsergils Sass Boas 


tetican beanade withont rome ig sanples a el 
fore au opportune. po stinds the local comets of 
“sca sutbice ob specihe sitetesc incomes thon a eth 
a sahil test. Uh, at ee pessdbh ro nities the 


pene thatore eabie are tie tack ab te Weed sdner 


COONERDENEDYD 


the vehicle had passed and to see which patty al the 
tack were compressed and rcinferced and which 
were loaned and weakened. H way alse: powible to 
compare the penctration into the snow on the samide 
and on the shadow side of the small snow hill which 
covered nearly all the glacier proving ground, These 
nicauremeng rescaled the occurence of great local 
variations, with a ponenation value of 2.0 inches 
observed on ile sunside and a value of ands 0.40 inch 
ata point pethaps 5 or 6 inches away on the shadow 
side. Tt was evident, therclore, thats 
disks of relatively bard snow are tequently distrib 
uted it asal¢ matrix, Gul ay long as these hard por- 
tions are net Coheren, they cont ibute littl: te the 
apparent avclage shearing sength of the suow. 

Other Tests. Wow. be pointed oat hat there is 
Wo rear to believe thatthe wen described abave 
provide the best or simplest means of chasactes izing 
a given snow condition. Most probably they provide 
only a very crude solution of the problen of nu- 
werically representing anuw  plopettios. Sebociod 
from the paint of view of expedionce and simplicity, 
they showed some definite weaknesses and cisad- 
Vantages, 

Several additional teat were Coutenplated but 
cither applied unly inegularty ot not usd at all. 
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Seetee 1. Aclatonehip between sew pertecis aise ocod 
giuund prowesg Sesh stihen sn Gla ict, Augias etal te - 
tober 1S. 


PHYSICAL CHARACTERISTICS GF SNOW ATi 


For example, it was planned to esane the heating 
sBength of a spow sample alter a prey iaua compres 
siun—a test which would vad toa cave of shearing 
sthengih versus ground pressure. The snew on the 
glucia, however, did net lend insel tcadily to this 
teat, and ascordingiy such curves were extracted ham 
other inka mation. 


MiTHRObs OF PREDICTION 


Inordertadevelop methods of prodicting the char. 
acteristics of snow ated dius to forecas¢ the perform. 
ance of a snow vehicle, the procedure adapted was 
the obvious one of studying the ile history of snow 
under various conditions aml then dewcrmining 
which metcorolopiral factors acemed to be related 
the physical characteristics of the tenain. 


13 Results 


Prysicar CHARACTERISTIC. OF SNOW 


Tie meastrements snade as dextibed above 
vickled an alundanceof information on the different 
factens selected for study and on the relationships 
beeween them, Figure | gives the penciration-greund 
pressure curves for four types af snow as studied on 
the Sabatchewan Glacier in August and Ocober 


* pROZEN FAN SHOW 
on 
weno MAB 


COO ESE PU 
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Fares 2. Changes in abeanng atrengih, penetration. det 
att, tale coment, aod ait lewpreature bum lepers 
Jaber ss 22 ¥ > Leaeey alsguit OL to HOD boss ey boa yeas stare 
chien day with no whats an chanuis. Anyan 3. 1942 on 
Sekai bewatt L hacer 


ao ON, 


WAY, Curve Dilla aten eneggating aa brace 
forts annow (tfensite alan. ay found on cui nighis 
at Auguas able type provides the heat support tora 
while. fuarve 2 repecwate the peoetiation it wet 
funn fdemios about @.5) encounteted on a top itt 
ahiennaen ie August. Ose all each iwerain, pilot 
ode Weaseh sank toa depih of about Zot 3 di bes, 
Gute Sshows the pewcietion in hey powder snow 
pbetnits about 0.0%) observed in Ouiwber, with a 
Athi: perctation of about bite G inche. Carne ¢ 
giver she ponctration in dyght powder snow qdiiit 
aloous ©0£.°9) davond in didie. bere Yar vvbiea? wank te 
abous £2 isn 1 ese be. 

Pignere 2 gives the sha aeing aterngth goose pres 
sabe ctapses fay ahie ease: fone ips af waw Gos 
he wen that freon fre has acre high sheas ing 
streogth and, therfore, snay be raperird tin en ible 
4 vahicke ta stints wich train at ¢ high args, Corse 
2 shows thas wea fra were i: debated) lew reaictons, 
althatygh it gaine same strength upon comprowoan, 
Causes 3 aval 4 slaw the chate..38 hekavia ul 
laght atal hear peeeder anate encountered en the 
glacter iy On tober, 
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Fes er 4, dangers i ahearing Maength, penetrates den 
MEe. mate everett. memk ant Lompctataiee (now Leman 
fare SQ by Peean oben NI feo LiKE Soavsisy ois banned. 
wakes wiels weinete dev after rain gereuiating erent. bate 
chee sengel cats Amaguet 7. $942. ats ashan lew art Glacier 


Uhe water cantent al the vatiaw typey al wow 
war thezacicrivnalh diferent, ranging Rom abou 
@ percent far frogcte bon aon, bight powdes aiow, 
aud heavy poteiler anew te about 20 per cent fat wet 
Resh ew and 27 por cent dor wet firm saw, 

‘Dhe vatiatione iv the cba acteristic. af new ander 
changing adrespheri condition are dlustrated by 
figure 3. whith shuws the changes an bea ig 
strength, pr Avirahan, Westy, water cantesit, sw 
temps ranuny, and abt temperature over about ao & 
four period. “Bfsis hygure fe based on the tesulte of 
*Mrauemente made on Apgust 3. MAM. on the Aa 
baichewsn Gbas ir oot 2 bright aonsdipy chs with ap 
wituloe Gousls. bigare b pte siailas internation 
few August 7. 100! with aciotuts As uunterasy winds, 
atul the anww uniformly sete atict rain the pre vinus 
esrning. 


Comms: sues wan Sines Pamoewaser 


Awtuds af the varying characte ties of sow aad 
ad the perfarmance of wehicho eprrating on mow 
has indicates that wetul correlations can be made. 
Phisceaueris sds aypestyod perapmnanie ay ainol: 
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PHYSICAL CHARACTERISTICS UF SNOW a2) 


ing ability, penetration, speed, and power consump 
tion, 

Chmbing tbticy. Wa vehiste weighing Q poutids 
and having two equal tacks cach / inches long and mm 
inches wide py placed an a slope at an angle 6 to the 
horivantal. then the normal pressure ot ground pres- 
sure Pin pours por square inch, is given by 


pe ce una = Jed, hy 


while the tangential shearing stress in pounds per 
square inch is giver by 


Qi. rt 
s og ed = 2sin 6. (2) 


Hthe vehide adheres completely and if there iano 
suplace gliling betworn Gack and snaw. the Hmiting 
angle of limb fy given by the sheariag soongth § af 
the snow on whieh the vehicle operates, As long asthe 
stress ab caution (2) i. analler chau die shearing 
scree h §, che snow will sappart ibe Weasel: 4s seen 
avs becomes lager than 8, the snow unlerncath the 
velicle will be sheared otf and the vehich: will start 
to sdide dowtr the slope. 

Tn the can of the Weasel, with Q about 4,000 
pounds. 760 ta RO juches, and ve 15 Go 38 inches, 


singe S (3) 


where Sis he beauties sieagth af the snow dada 
aeatl the tracks. Tithe shea ing strength of the sauw 
does uot depend ver iieh apen ground pressure 
and ab Che ge cand presse as single yes 19 09 
2.0 pean thon it iv poraisible to identity 8 with the 
Value ae incasied in ibe shearing s7cngih apparatus 
Ufa rane, Wer rata agepdy ceqitaticey (9) te detuuadne 
which slopes can te chunhed 

Bs takiag one of the law shearing avengtl 
valiece cote rvcdd dori dhe tes rime, oo, gli aea ae 
evident that vin @ © (120, which sarapen be an 
abgh of clihet aboue 1) dogs. Such apes wet> 
Aooatasel tae Te thane coun dvicn the MWe ated Taya tes dad 
SD di sane weasel aanel weak. 

bayuations chia iW, howeted, deweibe haghh over 
sHaphhed cass. Photo japetiont bates ithe de 
pondicncy of the she ating stocngtly on pronnd preauie 
Phriveate ber sss tisdeat hy purtiay 


Somat bp, «) 


where a :eprescnts the shearing strength without any 
gtound presure and may therclore be called the oo 
hesion of the snow; and where 6 and « are twa en 
pirical constants which together characterise the 
behavior of the individual snow sampic under con- 
sideration. In the case of Huffy, wild snow, a is about 
220, and in the case of vers anit, heavy iow, it 
increases ta only about 0.40. For hard, heavy stew, 
however, it assumes values between 0.80 and 2.00. 
Probably a is rarely tess than 1.0Gor greater than 2.00. 
tn heavy antow, either soft or hard, « isabout 1.00 and 
in such tases & is ymall--0.05 or 0.10—and conw. 
quently ¢he ground pressire doce not appreciably 
affect the shearing strength, For fluffy, wild snow with 
ac abexet 0.20, b is about 0.50, which indicates that 
ground prouure increases the shearing strength and 
that the scoond tera in cquation (4) is moet im 
portant. 

In order to get a more gencral estimate of the 
fimiting angle of climb, the equivalent of p in equa. 
tion (1) may be introduced into cguation (4). giving 
for tbe shearing stecngth of the snow wodcr neath 
the vehicle 


Seat o( 8, (on ay: (3) 


Ua is abvnut 1.00 aint the caine of & iv anal, the 
terrain is beuvy snow, sottia bard. as treated in equa 
tion (8). For wild saow, it appears that the vebide 
will just fail io cling when the shearing stroma 
which it produces fequation (2)] equals the shearing 
strength § foquation (9) av indicated in’ equation 


(6): 
g sin®@ on + ne Q com t): (hy 


dal emt 


Mf the snow pecs fluds and che ground prosane 
no greater thar 1. ta 2.0 pai, the value af a (0.20) at 
the side of the second (eri can be oggbected. “Thus, 


tan @ ‘ 
tne” bp. a 

Samupariwon Of ivgtiatiate (2) auul (7) shiowe Chat 
on hea agew the climbing potential decicases as 
grousal premure imecares -an obs lous relationship, 
sites it fy assumed thai the shearing crength of the 
snow is tide pendont of ground pressure, while che 


CONBIDEN FIM 


a2 SPECIAL STUDILS 


wf. og. a 
ait ge 3 & aE Beat 
ch fod sh alee eli 

Fagns 5. HG Ghinding abilitx of snow sebldiee be vant 
nts Fy pres of srw. (4) Acre-ale, By Roiliarsiien ba bila 


son taboggan, (05) large Atchisredeati wiew sehicie, (88) 
amatl Archimedean acm tehlicle, (Wy Weasel 


shearing strew dec reans with decreasing grouud prow 
sure. On Haffy snoty, however, ihe lintiting atigle of 
iml: incease with ground proware, becauw the 
precomprowion alidifies the sunenine of this tpt at 
ceaw and inctoacs Hs shearing sMcngth, 

Calevlaion at dicotetaal maxim chad hascd 
on the darcgoing equations gave teuilte which did 
not desist: signiheantls flow the actual perform 
ance ol the Weasel ott (te Suskauticwan Glacien. Ht 
seem pomible, therclate, to prepare earves of iui 
performance in which the maximum angle ol dimb 
for a Velie fy potted against the (ype of snow on 
which tt operates. Such curves ate given in Figure 5 
for the Weasel and for hic ether vehigha tewed st 
the sane time uniler the we conditions Dhe claw 
firation of the various mow typos a ovcnimplifed 
hut includes these «hithooe bikely te bec geasneradt 
sacs equenily 

Penetration. Wy vero types ad eno, he Woaeat 
was fadiad ta penetrate fron O ingbes on suppor tig 
Hibt te 20 inches or mote. The depil al poucuatan 
aveudh dens nod appear lo affect the ealling ability of 
the sebicde, but the penciation sterwens ta cae 
plow tie ew ta suppasc the unit vebide weight 
contr ibe vigaids earthy ca rolling resistance an the 
fiat and dncieaves the act angle af climb by the angk 
of the rot so dhe dope. Obie cit angle has Varied from 


y § a Se 
i Be ag, CE GSM 
oh GER GE fie shee eke 
Facer @ Maniinun speed ott level et snow sehiche in 
valet 1 per whens cor Acre sled (A) Bosbathe: (8) 


Bihasou tuboggars. JS) large Archimedean sew vehicle 
18S) sonal) Atchienedcas screw vehicle, (Wy Wesel 


$ degrees at Winch penetration on a 19 degree slope 
to 12 degrece at Singh penetration on a 24 degree 
vope. Computed variatiogs in ground piowure were 
nat found te agree with the penctrttion adually ob- 
served with various ty pes af cchicles in motion. 

Speed. Maxinnam speed an evel ground was found 
to be lowly connected with the depth of track pene 
tration and with the comprenicass of che sow. AL 
though these factors were net considered suitable 
tora chorough theoretical treapnenc in this irwestiga- 
tian, it was pemsitte ta prepare speed porfurmance 
cunes on the haesivof actual meavusements an differ- 
cat o petof suow, These speed curses iimilar ta the 
LMelimbing cases in Figure 5, ae presested in 
Figure 6. 

Peaver Conrad pita, Mv analveis of the power ie. 
Quibeocers far such a vehicle as the Weasel aos digg 
on pow has abowe dit penctration asl speed ate 
the two mest Gaportate factors inienscing powers 
connption, 


Joon non oF Viner: Peat ow anes 


facades tomake maninaii tive of the carelasiony 
established between the physical charactcristic. of 
acaw an’ schigle performance, it wae necessary 10 
desctop methude for both long: aud sau ciange pte 
tHictions af sehiste performance, “Uris involved fret 4 
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PIEERICAL CHARACTERISTICS OF SHOW ses 


study of the characteristic seuing methanisms under. 
gone bv freshly fallen stow exposed to various 
weather conditions, and second a study of “typical 
daily Huctnatinos” which a given (ype of arow say 
vadergo during a day of given weather conditions. 

A review of the measurements obtained, particu: 
Narly of those made at Camp Hale, imlicated that 
certaiy typical mechanisms could be established tor 
the setting of snow. “Phese mechaniuns depend upon 
the prevailing weather conditions and are related tu 
certain Characteristic typea of setting, From the ob- 
scavations obtained, tie fallowing mechanisina som 
iuportant; 


1. Colt weather sciiing through csaporation. 

2. Cold weather setting thiough wind action, 

3. Wari weauher setting through supet ti tat mett 
ing. 


As long ay any of these mechanions prevail over a 
given period, it appears that the gencral properties 
of a snow may be predicted with a fair degree of accu 
racy aver a period of wveral days, 

Even with some overlapping beowecn two of these 
fucchanions, it mas still be possible to make teas: 
able predictions ay long as the weathes conditions 
during Che ciitica! period are kiiwn. [ha snow layer 
has been suftticutly chanactericed by appropriate 
NMEA UIONCHIS, iL appoats posable te preedice us daily 
Huctuations with fair accotacs if the metoatolagicat 
commuenans during the das cate be doter ac accurately 
The properties of the snow can then be prodisted 
with the aid ot empirical flictuation carves fot 
typical days, such ay “aalin. colt day, “winds, cold 


warn, Clesudy las: seay aban * 


day, 


Loxc Rascot Pmepic tices 


Frew the point of view of sheaoag strength and 
pressibility. it iy input te knew whet 
sculing at subdreesing temperatures occurs 4a any 
Kiser Cae plependciatty by evaporation ar by 
duilting. He cvaporation play a uiayar sale, a sew 
boven gaits Hithe iti ab stavaigths whet 
woliditos, bewue sublimation produces holes and 
qavines berween enew partichaa aud the nutes 
Net appteciably reinforced. On tie athes hand, if 
rifting as considerable: uring settling: ite nubdees ¢ 
tig weather, Won, be exported chat a wid cast 
will appear, increasing che abcaring aroagth and 
Hecrcasing alae ceobtapits wibilitn of. 6 aver. 

Mi asurcnicits ay Camp Hale ind ated thet 4 cold 


a fea oat a cahe 


dhy weathe: with moderate wind is expected, ii is 
reawnable to predics that (1) density will increase 
very slowh, (2) cvapueation will keep the snow fully, 
(3) na crust formation will acur, and (4) the shear: 
ing Mrcogth will rcurain vers low (less than 0.8 psi at 
2.0-psi ground presure). Such conditions aie highly 
adverse fot the operation of a snow vebiche. TE this 
type of seculing occurs Trequently or continuously, 
untavorable conditions may last fot many weeks. 

Ou the other hand, if meteorological conditions 
indicate a perial of cold, moist weather with mod- 
esate oc considerable wind, Camp Hale studics 
showed that CF) the de nsits of the snow will increase 
relatively quickly, (2) there will be lithe or no evapo. 
ration. (3) the snow will sct aster, (1 crusts will 
form, ane (4) shearing stsength will increase (gence: 
ally ap to about 1.5 psi at 2.0 psi ground pressure), 
Snow setting under these conditions provides rola. 
Uveh davorable iesain for schide operation and 
altces one week ob ie leads to what has often been 
termed “ordinary winter wow.” This is a ana. layer 
2 to 5 fect deep with an average denshy bewwcen 0.20 
and 0.90, acompasativels strong crust, and a shearing 
aneagth between 1.5 and 2.5 pai at 2.0 psi ground 
pleseute. 

The ubitd wpe of seuing—that which occur: in 
warn weather seems to invelye acliing asa main 
proces. with the ippetinast layer melting during the 
hows when the temperate is above sera and with 
Ua laquid draining down and reficesing as saan an il 
teaches the colder davars under rcath. Atier a cacain 
ameunt of snow is removcd inthis was fom the tp 
faver. the rest of the Laver cotlapses and doris a new 
anmbwomewhat dense sucture. Dhisstructare dreezes 
during the hours al subzcre temperatares to give the 
ust at ielt cravt which marks this 
Qype at setting. Snow exposed to diew conditions is 
xencsally charatesisod by an incicaw in shearing 
stcagth and ty a deca in ponctation, 

Fagae 7 Hust ates the changes in denslly cf saw 
exposed te ditterent laa over a lWOday period. Xe 
Hohas capreted, issasedd dead: gise a gadically 
gieeten density 


familar anow 


Sioa Rance Papp ais 


Asuiies of tie Camp 108 
Hon in wnew paopertios indiates that an iwpical 
“sold winter dave" che aliwaring sorcagth is bowers tn 
the totning. ries afightl during the day, reaches 3 
taastunon phiteau ad about 1H00 hous, and drayn 
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SPLCIAL aI UBILS 


down again during the night (Figure §), During 
“snild spring days,” it is virtually impowible to make 
even approximate predictions, because these arc too 
dependent upon uncontrollable local conditions 
(Figure 9). On “clear, cool spring days” and “clear, 
coo} summer days,” the shearing strength is very high 
in the carly morning, decreases as the sun becomes 
more and mage effective, reaches its minimum in the 
carly afternoon, and then rises to reach its maximum 
value after midnight (Figure 10), 


i eA 


Parpiciion oF CLIMBING ABILIY 


A further empirical method was developed: tor 
predicting the maximum climb of a vehicle from the 
depth of the fast snowfall and the air temperature 
since the last snuwlall. 4 diagram given in Figure 
11 makes i possible to indicate that if, for example, 
214 fect of snow have fallen several days before and 
it, since chen, the avcrage temperature has becn about 
24 F, masimma: cimb of the vehicle will be between : 
17 and 18 degrees. Only a limited number of nicas- 
urements were made during thin study da support 
this method of prediction, but it seems to have a fairly 
soul general background. 


we WAKE VISIBILITY AND ITS 


SUPPRESSION 
Summary 
In an attempt to reduce the visibility of the wakes 
of small amphibious vewel used in landing optia- 
tions, tests were condncted on cherhical mixtures and 
mechanical affes proposed ae wake suppresors, Cin 


der the conditions of the tat, nang of the mixtures 
ur devices was found ta powow any practical value. 


The Problem. 


‘The wake of amos ing vowel is generally its mint 
Fonspic uous feature anid way be detected under sone 
conditions at distance at which the ship itwit is 
piactically insisible, Tn opetatieons in the Southwest 
Pac itt, dor example, prilvtes toportent detecting seseels 
by their wakes. particularly on manatit or clear Mar 
lit night, with or evea withous phosphorew cute. 

Asjpvatol a studs! of the ine of suck vebicl as the 
DUAW in amphibious Landing operations in com 
hat arcas it was desirable to Investigaic the waker of 


Oige Chapters 3 spd 4 ta this value. 
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rise 


Paver 0. Isgekal “cleat cool spring oF summe: das” 
Chaages in shesting strength of saow over 24-how period. 


sinall call, the conditions wader which these wakes 
tight be mest casily deteuted, and the use of various 
vib, dyce, spreading aycnta, smukes, and mechanical 
batfles propowd as wake-supprowurs.t 


@ Dh civenigation was tmlucted by the Wau Hole 
Oceanugrapliia alitution, Woods Hole. Mass. 


SEPT OF LaRY Bar Ota. Mm FEET 
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30.42 


Procedure 


With the excoptien of brict and preliminary ev 
periments at Woods Hale, Massachusetts, the major 
past of the insestigathe: was conducted in Phils 
waters near Fort Pierce, Cocua Beach, and the Banana 
River in February and March 1943. One DUKW was 
used to carry the experimental eynipment and oper 
ated with another DURW actiog asia control, Usually 
the two vehicles moved abreast on parallel courses 
about 900 feet apart. The DURWs and their wakes 
were studicd, and photographed where posible, bs 
obscrvers located at sea level, in shore towers, and it 
ainralt flying trove acarly sea level wo an altitude of 
10,000 feet. Runs were made both in daytime and at. 
aight. 


Foam Scurrerwson 


Special foam suppressor equipment was installed 
on the experimental DUKW to spray ctreaais of vat i- 
ous mialurcs fiom the bow and ser (Figuie 125 
These mixtures ine ludet: (1) Diew] off and wa water, 
€2) Diesel oil, sea water, and a spreading agent® and 
(3) solutions of dventiufls.s 

W Malmetic sc iet ok ie act. tear acid. diphensismioc aud 
oety] alcohol wete tested tn fain in coneentiasion ad {pes cott 
by weghe. 

1Calou Chemical R 1616 22 1 aad BOG16 22 2. 
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Barris 

In order to reduce the visibility of the bow spray 
and of the stern geyser, @ Canvas bow curtain was 
hung from a hevp extenling over the bow, and a tar- 
paulin was towed from the stern (Figure 13). Later, 
in urder ty prevent excess air from being drawn 
under the DUKW stern, a horizontal baffle was 
placed acroes the Tull width of the stern juet below 
the water level. 


me Results 


ft was found that the foam suppressor, wing Dicsel 
oil alone or with solxtures of other agents, docs re: 
duce surface foam but docs not sppreciably red-ite 
air eptay or clouds of air bubbics, which appear down- 
etream beneath the surface (Figure 12). ‘The bow cur- 
tain and steve tarpaulin reduce air spray, but the sur 
tace foam remaining in the wake is not significantly 
affected (Figure 13). 

‘Tests pertormed in the Banana River clearly indi- 
cated che difkculty uf suppressing wake visibility in 
turbid and foamy water (Figure 14). 

‘The rewults of air observation are shown in Figure 
15, which inludes vertial and oblique views taken 
at altitudes up ta 10,000 fect and at distances up to 
4 miles. In cuch case, the experimental DUKW was 


Sevan 1S. Uae of teow ceariaics amd ietst Gaaguuiin on experimental DEK W (lower). Wuids Male, Mawschucctis, 


Fuvny 12. tse of fooui suppressor equipment en experimental DUKW (lower). Woods Hole, Mussachusetts, 


equipped with a bow curtain, astern tarpaulin, and a 
foam suppresur spray ing ¢ mixture of Dierel vil and 
salt water from bow and stern. In this series, che nor 
mal DUKW was painted (haki and the experimental 
DUKW, blue. 

A general survey of the results showed that in day: 
lime observations fron (he surface the hull is usually 
wore obvious, expecially if if is seen again che hori- 
zon, but that from the air the wake can be distin- 
guished for many miles beyond the point »* which the 
hull becomes invisible and is noe only the most im- 
portant but often the only icature revealing the pres- 
ence of the vessel. 

In night observations frum sea level, the hull is 
swore conspit vous with moonlight or bright starlight, 
while the wake is more diminguishable with strong 
phosphorescepsc. In night observations from the air, 
the relative importance of hull and wake varies 
gteally according to the circumstances. Thus, on 
moonlight nights, the hull can be distinguished for 
several miles and is more compicuous than the wake; 
on dark nights, or with only moderate phosphores- 
tence of the water, che wake is usually scen brat: with 
strung phosphorescerme, the wake may reveal the 
presence of a vowel from a distance of several miles; 
and ov dark nights with no phosphorescence, neither 
hull nor wake can generally be sen. 


CONFIDES DEAL. 
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Ines Recommen‘ations 


‘The installation of foam aupprowor equipment, — 


particularly on the DUKW, was itt rccommended. 


‘The use of 2 bow curtain and stern tarpaulin might | 


have some camoullage valuc ageinet viewal observa- 
tion close to sea level. Further investigation might be 
profitabiy undertaken on the use uf other dailies und 
on the ute of black smoke to reduce the vinibility of 
subsurface bubbles. 


If further investigations should be undertaken in| 


this held, they should be directed toward the suppres 
sioa ol wake visibility by daytime obeci vations from 


the air and by night obectvations from cither als or - 


tea fevel during conditions of modcratc or strong 
phosply «scence, in which the wake is usually more 
conspicjeus than the hull and in which suppresion 
woukd dave mou practical value. 


ims WIND AND WAVE STUDIES 
Seemmary 


Measurements of wind veiocity, wave height, wave 
period, wave length, and the velocity of propagation 
of waves, followed by a cotrelation of these measure- 
nents, hays made it possible to predict wave heights 
fiom wing velocitics with resonable accu acy in 
decp water as well as in coastal waters under certain 
conditions, 

In currenticn decp water, the wave height mens. 
ured in feet is about 0.5 times the velacity in mph of a 
persistent wind, In coastal shoal water, the wave 
height in feet is about 0.3 tines the wind velucity 
in mph. 


teat The Problem 


As part of the development and investigation of 
the DUKW aad other amphibians intended fur oper 
ation in surf and open wa, it was recommended by 
Dis inion 1S Late in 1942 that a brief study be sander 
taken on the relationdhija between wave charactet 
istics aml wind veios ity.) 


ae Procedure 


Fron November 10 to Decenther 7. 1942. ubectva 
Gdvetow eaneet sana erage gE WETS Fetes: cold Brees five ertecee es, 

3 Dhas juveniqutan 6s conducted bt petunnet af Duis 
UZ td NVR cod cd the Mtewk tee Meadeare digg, Ipealsuee Mech 
ho NY 
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Fuans 14. Efiect ef loom 


Wppreset eyeipeent on ex: 
petimental DURW (lower), jt fuamy, turbid water, 
Banana River, Florida, 


Meanachusetts, on the characterinics of waves at dil- 
ferent wind velocities. 

Wind velocity was measured with wwo permancnt, 
recording ancmometen clevated high above water 
level and with two hand anemoiwews, all calibrated 
w give ideuitical readings under hlentical conditions. 

Wave height was measured trom shore by transit 
observation of Boating wouden blocks (asened on 
anchored barges 200 ts 800 yards from the beach and 
cquipped with loug vertical bamboo rods marked 
with a foot scale. Lhe height or amplitude of a wave 
waa dehmed as the vertical distance between the low: 
cot and highest points marked on the rods, Ampli- 
tudes up to Y fect were tacasured in this wanner, and 
even greater values up to 12 fect were estimated with 
aa telem ope by noting the up and down masvements of 
sesels of known dimemions (lighten, freighter, 
DOUKW s, otc.) standing larder out te wa. 

Wave period was deve minced with amiiar equip 
iment by noting the Gime for a Uoating mark wonk~ 
20 full ow lations Phe longest peried measured was 
$.5 weonds 

Ware length was never mcanmed scouraicly, out 
could be etimated on set cod occasions. Li same cases 
the length of a wase could be judged Lv obser i1-g it 
ret travelled along the side of a ship with a known 
length, and in athets by tauding on a prntrading 
point of land and looking deugh a iraisin at ile. 
stoner geegusermliccetands fer tf : 
tion sone hundred yards ollbors, Phe greatest 
leuagthe olwctvcl jr this aud) were between #O god 
WO feed. 
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weser 19. Ali claurvation ot wahen, Atlanele Gctad cit oi Banana Rivet Noval Sit Staten, Baths (bpcninental 
PA RW equipped with foam sup) comer equipmect. hoy cuttals. aud Mein larpaulin. 


4. Qbnereer 4208 fort alapre THR Ws. 
OR. Ceaser $409 feet abe «DUK Ws. 
&. begs ets $6008 inet shore DES Yes. 


$3. Gbetiver Tiamile nor th OF CK We st Do cas. 
BE. Observer 2 anit nosth of DER We at Gini fort 
¥. Olecrver J miles aceite of Dt AWe a1 [get tect. 
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Focvse 16, Factors Involvedt in the coitelaiios of wind 
velocity with characteristics of waves in deep water 


Likewise, the urlacity of propagation of waves 
could not be measured accurately but was estimated 
by observing with a transit or telescope the move- 
ment nf the crest ol a wave under an oblique angle. 
A contain distame of travel was then marked with a 
atop watch and the velocity estimated, Rater up to 
20 onph were roughly determined in this way by 
means of this method of estimation. 


195.3 


Results 


Fos a wave in deep water and under steady condi- 
tons (depth larger than wate length, far offshore), 
(8) 


and 9) 


where ve wase velacity, |= wave length. ¢ © period, 
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Foant $7, Phe cfeceof wind velodiy on wase beighie in 
cuastal waters 


and g = gravity. Ife iscexpressed in mph, Jin feet, and 


Cin seconds, 
vo SA (10) 


and Pm ihe (1) 
Figiie 1 shows diagrammaticelly the conditions in. 
solved aad defines the quantitics under comidera- 
tion, Equations (10) and (11) have boon frequently 
checked by other workers au found a be reliable, 
provided that the depth of the water ismuch greater 
than the wave length, that the wind direction and 
velocity remain steady, aud chat no obstacles are on 
countered. | Poiods up to 16 seconds have been ob- 
seived inthe open sea of the South Adantic and South 
Pacith. These periods conespond toa propagation 
Veloiee of 57 mph and a wave lenges ol 1,080 feet, 
No fundamental cheosctical relationships ex int be- 
tween wave velocity rand wind velocity at, mart 
between wase height A and wave pariod 6 Vers ox 
tensive observations, however, have established wo 


feetad bundsuienial KelaGonhips of Steady Ware iu Deep Water 
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ita we $6. Wave height ana (ttn al wave per itat. 


carpitical relationships which wom to hold fairly 
satofactorily if dhe conditions mentioned above are 
fulfilled, “Lhese are 


vm 076% (73) 
and few ZAE @ OB RY, feh)) 


where w and v are measuted in iiph, A in feet, and & 
in seconds. 


Wavysin Drip Waren 


‘the qieasurements obtained by the inethads de- 
wribed above ate given in Mable |, together with the 
saluct derived tram equations (10), (1), 192), anid 
(43). Ht appeary thar these eyuations are reasonably 
Valid arc( itost Closely approact he observed salace 
for the jargey waves, which is to be capected sine 
Latye waves are Jess suweptille wo any kind of pertur- 
bation. ‘The best dine in the table, referring toa moa: 


WA ET AY 


WD VELIGTY we Pt 


Fever ig. ‘fhe edi Cob witad ackaily an wate height he 
setstal waters and in sheep water, 


craw wind selotity of 23 mph and a correspondingly 
small wave, shows a significant deviation af the ob- 
served tram the catculaced values. It seems, therctore, 
that although they ate valid lor strong wind and large 
waves way offshore, these relations must be wanewhat 
modified to apply ta more moderate wind and smaller 
waves--the charac tcristics uf coastal waters. 


Waves In Coasrau: WaTeas (30-200 Frat Dene) 


Fram data obtained in mmesstrenents in $0 10 
LOOtuat water nearer the shure, jt appeared pawsibse 
loertend cyuationa (10) 60.(13) in order coqus er thew: 
cnet conditions. 1 be new telations are 


He $42 02) f= WL ON2u, (14) 
b= (264 O4) Be G12 803) wt CED) 
hw (LO OS) 6m (O32 % 005) ur, (ib) 
wen (4-0 % 02) te (i) 


Yaraa 2. Cacrelathon of Wind are) Waves in Comtal Waters. 
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Vhe wammericed vewle of the measurements in 
(opatal waters, together with the predicted values ob- 
talved trom these empitiial equations, are given in 
Table 2, As far as could be determined, equations (14) 
te (17) hold with reasonable accuracy under the fol- 
lowing condition: 

1. The wind must blow for more than | hour with- 
oul changing in intensity of direction, and without 
beieg hindered by dunes of other obstacles. 

2. There must be no coastal current of strong tide 
interfcting appreciably with the waves produced by 
the wind. 

1 there conditions are fulfilled, equation (14) per- 
wits the prediction of the average height of the waves 
a a function of the wind velocity, This is shown 
stagahically in Figure 17, with the two dotted lines 
wpresenting the calculated limiting values, and the 
poling showing some of the measured salucs. Simi: 
larly in Figure 28, wave height is shown aya function 
of wane period, Since w and (can be rather easily 
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savasured, the two graphs provide a method of pre. 
dicting wave height. 

Figure 19 illustrates the combination of these rela- 
tionships, with cquation (16) uscd fur moderate wind 
selocities -0 to about $0 mph—in coastal water, and 
equation (14) for higher wind velocities—about 25 ta 
£0 mph - in decp water. 


was Conclusions 


Two sis of equations have been found useful in 
predicting wave height trom wind velocities over a 
range of 10 to 50 mph with reasonable accuracy. One 
sct of equations, picsviously established by carticr 
work for lange waves in deep watct offthore, gives 
values corresponding dluacly with observed valucs ob- 
tained in this stuily, Another sei of cquations cmpiri- 
cally established in this investigation for smaller 
waves in coastal waters was found to yield satislas tory 
pinshctions of the limiting valucs of wavg height. 
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SPECIAL PR yecTs 
10-TON MISSILE: charge and comrolted jruom a barge 
: py means of telerislod sank 
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Bictae 2. Mhomatic layout of yy iniwitc. 
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Results 


Lite. Misstte 


The inissile designated as the Egg iva bomb cares: 
Ing a 20,000-pound chaige i a body 22 feet long. 
consistisys of a lindsical wttion $f inches ta diame- 
ter and 6 fect long, and followed by a diastuae of a 
cone 16 feet long with a diameter ol 2b inches: atthe 
amall caui (Figures 1 and 2). he bomb ia provided 
with a detachable nove fairing. tail fairing. and sta- 
bilising surfaces. making the overall length abou 
34 fret. 

The nose fade igs bs needed to avoid Haw separation 
at the sharp edges on the front of the change and te 
prevent high drag and doubtful stabilin, the fairing 
wal be dale of thinner brittle material an hat it 
would break upon impact with the water and not 
influence the underwater characterisdies of the 
charge. Fhe tail would likewise break off on contact 
with the water. [00 pun pease ito guide the booth inte 
the water at an angle within the limite nevessass for 
proper underwater wajecions. Stabila ae pink is 
pro ided by a bevisantal tail. and stabilinn in yaw 
by twin seatioad tails snounted at the cis of the Bent 
zontal Mabilizers. 

Several models of this design were built to a wale 
Of 1:32 and tested for ability and for wpe ot andes 
wales Gajectors. “Phow indicatal that a full scale 
anit could be built wo that. at an citaamee velocits 
of Sted to 400 fps. it would dow to 200 fps in 85 fers 
al underwater travel, am) would travel 2M os 225 
fort udder Water 47 a maximum depit of of bit of 90 


feet lor a V7Ugategree entry angle. The orbit would 
not be appreciably afferted by pitch angtes of eniry 
of 22 degrees. The trajectary would not be aficcted 
by shallower cotry angics as small as 12 degrees, but, 
fow larger entry angles up to 22 degrees, the mani- 
um depth of orbit might be alightly iam reased hie 
vond 30 feet" 

Asurvey of fadlitics available to the California du 
stitute of ‘Technology showed that Califnenis manu 
facturets, with stock in hand and without priorities, 
could deliver substantial auntbers af Egy ntissites in 
60 days. 


Tat Minuto Cannien 


The BAG Fising Forties bomber cau be seadily 
mextihed to carts the HO-ten missile designed for this 
pvojent (Figure 3) hi would be stripped of all annes 
ewan equipment, particulier the carecis and the 
turbosupendargers. Phe power plant could be 
wodified io give auae power by inca parating a 
water isjeutliots sestem: with watt tanks, 
poo. and cahiocia de emahinent devices, and 
by addlisag jor evtcuss stacks aud one op smote gay 
turbines inthe reas of the fuselage. 

Without srament ar tirhes, bur wad ile [cai 
inisile attached, de BET would quire abou 1.000 
perinds of fuel for an CL ROO athe abeolise range ates 
por cree ated powor ae Hdl fect. Phe would gave 
a average ypacd of appnosximated 210 ny and a 
takeoff weight of approximachy 62,069 pounds “The 
take-off chistans ¢ to 2 50 Foot height worded be appar 
mately 6.00 foot witls 1,800 thy fis. take oft¢ 
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Risy ALAiNeS Sars 

“Vhe delivery af the Rigg ls vinualiced as a tnininiens 
altitude attack -perhape Gon 108 ww 300 fect abou 
sca loved -by a leaned ap B17 manned by a two-man 
tem, Ot is not plavgcd as a suicide mission. Insteast, 
the specifi ation af auld acew connetes that arina- 
feent has becu exchanged dag apecd snd pay leaned, It 
woulit be used (na surpe ine attanh, ud ir a task force. 
suppsa (ed operation ia which snake anid other anii- 
flak tee dritqaes are ised tos get the B97's is amd opt 
again. 

Ia a suspriee attack, the aiscratt would have sud 
dient fuel ta reach asuttase rondcrvess, pertias with 
a subasarinc. ce to return te base. Ip an attack made 


de qoncert with a task Jone, che aircraft can rendes- 
souk With vaits od the fuse. 

For attache in which sisthilinn ms atiquate, the 
how-ahlitude. angular-raie Mazk 23 bommbaigh* ix euy: 
gevted. sine it can pradmably ceablie the poist 
ai cnisy with a prisbabh: cisa af sppewimaiels 24 
fect. TE the target fe net vivible, a simple radar bon. 
ing aid woe f be ward. 

Asan ahernate wethad, the Egy could be deliver 
ina B 7 under temotecontol of a “abepbeed” plane, 
such aa B28 Supetfastios bomber. “This wouid te 
quite cyvipping the B17 with suisahle television 
and tenvaccontial devices, ant aiihough many it 
ner allo of da ceecntial itrne would be obtained! 
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Fame (Path and site of caphusion af prepared byg missile, 


quickly, a considerable and lengthy development 
would be invelved in: joining them inte adependable 
operating systcm. 

As another alternate method, consideration was 
given te the possibility of having ihe remute-con- 
trolled B-17 crash into the ship's side, with the 
charge exploding immediately as a “dry” hit or, after 
the wreckage of the B17 had sunk, with the bomb 
going off undes water aaa wee" hit. This plan was 
not recommended becuse of the limited eflertivence: 
of such a “dry” hit, the camplications invalved in 
fransfotming this inte a “wet hit, and the added 
sulnerability of dhe 1-17 to enemy antiau craft fire. 

Th the bret two proposals, it is planned to fuse che 
bom so that it would explode only after it had struck 
the ship's side and suk (4 point below she target's 
heel (Figure 4). In such a position, the effect of the 
charge would reach ite maxis. 


Une Acainsr Dans 


The Eygy wouidi te od similarly in attache .aiint 
adam, with the expeciation that a contact eapiiaion 
of che 10-ton bomb would: produce @ 20 foot crates 
in the wet fa. An extiapolation based on experi 
cue with catth- backed fortilaations indicates that 
the tensile and shear sizengths of a dam may be ¢.- 
conde if the Ray be drionated within about 40 fort 
ob the dain face ata depth of about 10 fect, the wate 
kevel being within 10 fect af the tap. 

+ On the bani of the British attacks oo the Mochne 
dam in Germans, it appears that the pp spowd 16 


ton missile would be nee practical, The British 
bombs had to be drapped within a 30-foor space to 
give asucctssful and pot premature detonation, Be- 
cause of the long underwater wavel of the Egg, it 
would hase to be dropped within a 150-foot space. 

A high-altitude attack docu not seen to be feasible 
for attacks on dams, 


Use ae Ori. a Minsicees 


Although rione would fill the requirements of a 
singlet harge cletructive minile, wveral devices nay 
be imvestigated) further. “These include ghe AZON 
tanvetiod to an atimar peneliating projectile; low 
angle glide bomla: and ROG and RAZON modified 
for shaped chaiges ob for armor pencuation, 


maa Conclusions 


Although no final revmmendations could be 
twade oo the relative nectin of high. and low altitude 
bousbing. on ob one shot atiacks, it appeared from 
thin protimitars study chat ibe 10 tan minde should 
he developed and tested and thet she acm iaiad 
problema, including mounting aid release mechs 
nisms, Optical and aadar low level bombwighte, and 
the phisical character ition of the explonive to be 
teed, vbould be investigated with all pessible prcinpt 
ners. The alternate incthod of equipping « plate fea 
temetcconcal delivers of the Egy sould likewne 
be rcuatrabiied! ii tteote detail. Ti estigaticun should he 
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